
Ford Allen Park Clay Mine 

Section B Facility Description 4o CFR 270.14 (b) (l) 

This section proVides a general description of the hazardous vaste management 
facility of the Allen Park Clay Mine (.Am!). APCM is applying for a RCRA 

permit as a disposal facility. 
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B-l General Description 4o CFR 270.l4(b)(l) 

The Allen Park Clay Mine (AFCM) landfill is located in Wayne 

County, Michigan within the city limits of Allen Park and is 

bounded by Oakwood Boulevard, Interstate 94, Outer Drive, Snow 

Road, and M-39 (Southfield Freeway). Refer to Attachments l 

and 2. 

The site is owned and operated by the Ford Motor· Company. The 

hazardous wastes proposed for landfilling at the site are expected 

to be generated at Ford facilit'ies and will probably be transported 

to the site by Ford vehicles. This "in-house" operation provides 

for tight control of waste management activities since Ford handles 

the wastes from "cradle tp grave" . 

Site Development 

Ford Motor Company started site development prior to l956 for the 

purpose of mining clay reserves for use in the brick making and cement 

industries. Cognizant that the site had the ideal geologic formation 

for a secure landfill, the clay excavations were subsequently back-

filled with Ford Motor Company wastes from the Rouge Complex. Ecorse 

Township issues a permit for the operation on approximately 200 of 

the 260 acres, the remaining 60 acres of which were designated as 

greenbelt. Mining and filling continued for 24 years before the 

enactment of RCRA and Michigan Act 64. On November l9, l980, the 

hazardous wastes were segregated and separately landfilled in the 

designated hazardous waste management area shown on Attachment 3. 

Clay mine and solid waste disposal activities are projected to 

extend to the year 2000. 
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Sea 1 e -,Feet 
Contour Interval 5 Feet 
Datum is r~ean Sea Level 
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Site Development (Cont'd) 

The overall landfill site is composed of approximately 183 acres of 

solid waste landfill, 17 acres of hazardous waste landfill, 33 acres 

of greenbelt, and approximately 27 acres have been utilized for 

easements. 

The hazardous waste disposal cells were constructed during the clay 

mining operation. which created a pair of 8 acre excavations that are 

35 feet deep. Hazardous waste has filled approximately 25% of Cell 

I capacity under Interim Status. The area covered by the existing 

Cell I is shown on Sheets 6 and 7 of the Engineering Drawings 

(Attachment 14). 

Waste types F006, D006, D007, and D008 are included in this ap­

plication even though samples of the waste are not available for 

testing and analysis. These waste types will either be generated 

from newly constructed wastewater treatment plants, processes 

presently under construction, or possible manufacturing process 

changes that could result in future hazardous waste designation. 

Site Location and Land Use 

The site is in the midst of an industrial corridor centered along 

I-94. Residential areas are located south of Outer Drive and west 

of Southfield Freeway. West of Snow Road is a Veterans Administration 

Hospital. North of Oakwood B::mlevard is the Ford Motor Company Body 

and Assembly Operations General Office and Pilot Plant, and a U.S. 

Postal Service bulk mail distribution center. 
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Waste Generation 

Wastes to be landfilled are: 

K087 Decanter Coal Tar Sludge from Coking Operations 

K061 Electric Furnace Emission Control Dust 

F006 Wastewater Treatment Sludge from Electroplating Operations 

0006 EP Toxic - Cadmium 

0007 EP Toxic - Chromium 

r:oo8 EP Toxic - Lead 

(K087) Decanter Coal Tar Sludge 

K087 is generated by the process of spray cooling coke oven gases during the 

by-product recovery process. Refer to Attachment 4 for further discussion on 

the generation process. According to the EPA Background Listing Ibcument 

provided herewith as Attachment 5, the tar sludge is composed approximately 

of 97% elemental carbon, 2.93% condensed tar materials, .066% naphthalene, 

and .003% phenolic compounds. The constituents which led to the hazardous 

l.ist~ng of K087 are the phenols and naphthalene. 

At the present time, Rouge Steel Company generates only 5 cubic yards' of 

K087 per week on a regul.ar basis. Once a week, a Ford Motor Company vehicle 

(transporter) delivers a 5 yd,3 load to the AroM hazardous waste management 

cell for disposal. In addition, process tanks are cleaned out annually on 

a special clean-up basis. Previous annual AroM disposal volumes of K087 

are as follows: 

3 1981 - 4,634 Yds. 
j 

1982 - 1,673 Yds. 

1983- 886 Yds.
3 

The estimated annual disposal quantity listed in the Part A Application is 

5,270 tons. 
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Attachment 5 
U.S. EPA 

LlSTl~G BACKGROUKD DOCU~EST 

K087 Decanter Tank Tar Sludge From Coking Operations 

!he spray cooling of coke oven gases during the by-

product recovery process results in the generation o: a d•-

canter tank tar-sludge. The Arl:ninistrator has doter!!lined 

that ~ecanter tank tar-sludge nay ?OS_e a present or pa-

t~ntial ~azard to hu~an he~l:h or tl1e environnent ~~e~ i~-

properly t~ansported, treated, stored, disposed of or other-

vise ~a~zged, and therefore should be s~b~ect to ap~rop:~a~e 

l ) ':'he· : an k. tar-s J u t1 .~ e 
of ?~e~o: a~~ na?ht~al~ne. 

to ~~~a~s a~~ a1uatic life. 

ccntai~s $1gni?icant conce~t:a:!0~ 
c'.J 

?henol a~~ ~ac~~halene a:e :rx~~ 

2) ~henol ~as leac~e~ in siani!ica~t concentratio~ ~=o= 

a ~a•te sanple teste~ in a distilled ~at~r extrac:io~ ?r~ce­

du:e. A!though no leachate da:a is cur~en:ly availa~:e ~or 

naph:~alene, :he ~gcncy he~icves that, due to ics p~ese~c2 

in· the tar in hig~ ~oncentrations a~d due :o its rela:i~e sol~­

hility, naphthalene also may leach !rom the vast~ in har~ful 
concentrations if the waste is improperly managed. 

3) These tar~sluoges are often land disposeo in on-site 
landfills or dumped in the O?en. These methods may be inode­
quate to i~pene leachate mi~ration and resulting groundwat~r 
contamination. 

*The listing description has been amended from that originally 
proposed on necember 18, lq7~ (43 FR 58959) which included t~o 

waste listings [i.e., Coking: Decanter tank tar ann Coking: De­
canter tank pitch/sludge] 

Additional information substantiating the hazards associate~ 

with polynculear aromatic hydrocarbon constituen:s in 'this 
waste will be evaluated in an expandeo listing background 
docunent for an integrated by-pro<\•1ct coke-making ·pro,css. 
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II. Waste ~enoration, CoMposition and ~ana2erent 

~oke, the residue from the destructive d!stillat!on of 

coal, serves •• both a fuel and as a reducin~ agent in the 

Some coke plants recover by-products 

&iven off or created during the coke production process, and 

the recovery of by-products generates a sludge which is the 

listed vast~ in this document. There are ~6 by-product coke 

plants, which generate an esti~ated 72,30~ tons(yr of decanter 

tank tar-sludp.e. nuring the recovery of cheMicals in the 

by-pro~uet coke production process, tar separates by conden-

sation :ron coke oven gas an~ f.rai~s :o a rlecanter tonk. 

Re~ove=able oil frac:ions are deci~tee of~ the to~ and th~ 

tar sludge settles to the hotto~. 

A~prbxi~ately q~~ of this tar-slurl~e !s ele~en:al corhon. 

Tne re~ainin~ 3~ consists of condeMse~ :ar ~a:erial$. 

condensed tar Materials contai~ the ~as:e ccnstitue"t" of ccn-

cern, na~ely phenolic co~poun~s ann nap,thalene, ~hich are 

for~erl as a result of the rlestructi~e distillation of cJal. 

Based on a published reference, the condensed tar co~pc-

nent contains, by weight, 2.2% naphthalene anc 0.1% phenolic 

c:ompounds(2). \J it h an est l. ,.·.,ted 2 , 1 6 q tons/ y r of con c! ens e d 

tar contained in the amount of tar-sludge ge~erated annually 

(i.e., 3% of the 72,300 tons/yr of tar-sludge), ~pproxi~ately 

47.7 ~ons of naphthalene an~ 2.2 tons of ~henolic coepounos 

vill be contained in the waste generated each yearC1,2). 
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Of the 66 coke ~lants gerierating decanter tank tar-slurl~e, ~, 

~0 ~lantt .use the tar-sludge as a rav naterial in either the 

sintertng process or o~en hearth furnace operation. The re-

maining 36 plants dispose of this VASte in unsecure on-site 

lan~fills(l), or by dumping in the o~en(3), 

Ill. ~azardous ~roperties of the ~aste 

Phenol an~ naphthalene are present in the tar conponent 

of this vaste in significant cnncentrations: ~.1% by ~eight 

(1000 pp~) anrl 2.27. by ~eight (22,000 ppn), respectively(2). 

~henol and naphthalene are to~ic to hunans and aquatic life. 

Thus, the ~gency believes t~at the conce~trations of these 

m~terials in the waste are quite significant, in light of 

the cnnstituents' knovn health hazar1s. Further, these 

waste constituents appear ca?ab!e of_~igra:in~ in significant 

cnncentrations if misaanage~, and are likely to he ~obile 

an~ persistent so that Yaste ~is~anaRenent co.ltld result in 

a substantial huaan health or environ~en:al ~aza~~. 

~henol's potential for ~igration from this vaste in sig­

nificant concentrations has been rlenonstrated ern~irically. 

~h~nol leached .in significant concentration (approximately 

500 ppm) from a rlecanter tar-sludge vas:e saaple subjecte~ 

to distilled vater e~traction procedure.(3) In addition, 

~henol is extremely soluble, about 67,000 ~pm ~ 2s•c(5), 

in~icatinp, high potential for migration. Phenol biodegrades 

at a moderate rate tn surface water and soil but moves very 
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tven vith a persistence of only a fey oav, 

the rapid spreadin~ of ~henol could cause w!desprea~ conta~ina-

tion of the eco-system and contAmination of potable ~ater su~~lies. 

!he mi~ratory potential of phenc! and its a~ility to Move 

through soils is further confirmed by the fact that it has been 

detected migrating from ~ooker Corporation's S Area, ~yde Park, 

and 1nZnd St. landfills in Wiagara, ReY !ork (OS~ Hazardous 

Waste Uivision, ~a;ardous Vasto Incidents., Open File, 1978). 

The compound's persistence following migration !s like~ise 

sh~wn by these incidents. 

Althou•h no comparable l~achate data is cur~ently avail-

a~le for naphthalene, the Agency believe~ that this co~s:ituen: 

also cay leach in har~f~l concentrations ~ro~ t~e ~aste if ~ot 

?rcpa~ly managed. !he ~ater solubility of na;~thalene has ~ee~ 

Te?oTted to range froft 10 to 40 mg/1, rl~aending on the sali~i:y 

of the ~issolving oe~iurn (71, 

in finished nrinki~g ~ater, lakes, a~G rivers, Ce~ons:rati;.i its 

persistence and nobility (4l, This inforMation, naphthalene's 

solubility in water, and its presence tn the tar in such hi•h 

coticen~ratlons (22,000 ppm) ~ake it likely that it will leach 

from the waste in potentially harmful concentrations if the 

waste is mismanaged, end will :hen be ~obile and persistent, and 

so poses the potential for causing substantial hazar~ to hu=an 

health and the environment. 

Current practices of disposing of this ~aste in fact 2?-

pear inadequate. Disposal of decanter tan~ tar-sludge in un-

secure~ len~fills or by dumping in the O?e~ ~akes it likelv 
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that the hazardous constituents in the waste ~ill leach out 

and mi~rate into the environment, possibly reac:,ing and con­

taminating drinking water tources. ~iting of waste manage­

ment facilities in areas with highly per~eable soils could 

facilitate leachate migration. 

vaste constituents appear capable of ~igration, nobility and 

persistence. Thus, if disposal sites are improoerly managerl 

or designed (e.~ •• lack adequate leAchate collection syste~s), 

vas~e constituents coul~ leach i~to soils ancl contaninate 

groundwater. 

Tiealth anr. ~colo~ical Effects 

'!'loe:'!ol 

Co~~~ess designated phenol a oriority pollutant u~der 

§l"7(a) c! ;loe CleAn ~ater Act. 

•~enol is readily absor~ed by all routes. !t is raDidlv 

distribu:ed to mar.:alian tissues. 7his is illustra:ed by 

the fact that acutely toxic doses of phenol CAn produce 

syopto~s ~ithin oinutes of ad~i~istration regardless of the 

route- of entry. R•peated exposures to phenol at high concen-

trations ~ave resulterl in chronic liver da~age in hu~ans.(3) 

Chronic poisoning, follo~ing prolo~ged exposures to low 

concentrations of the vapor or ~1st, results in digestive 

rlisturbances {vomiting, difficulty in swallowin~, excessive 

salivation, diarrhea), nervous disorders (heAdache, fainting, 

dizziness, nental disturbances), and sktn eruptions< 4 >. 
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Chronic poisoning nay termi~ate fatally 1~ sane cases w~er~ 

there has teen extensive damage to the kiclneys or iiver. 

The Office of Yater Regulations an~ Stan~ards, u.s. 
r.pi(6) has found that acute anrl chronic toxicity of phenol to 

freshwater aquatic life occur at concentrations as low as 

10,200 and 2,560 ug/1, respectively, and woul~ occur at lower 

concentrations in more sensitive species than those teste1. 

The available data for phenol indicate that ~cute toxicity to 

saltwater aquatic life occurs at concentrations as lov as 

5,ROO UR/1 and would occur a lower concentrations aaong 

species =~~t are more se"sitive tha~ t~ose ~ested. ~ase.: or. 

availahle toxicity data, the acbient wate~ c••ality crtter~a 

level ~or vbenol to p~otect hunan health is 3.5 ~g/1. T~e 

a~bie~t ~~te= critar1a level to co~tro: t1ndesira~~~ taste ~~~ 

o~or qualities, the esti~aterl level is n,3 ~g/1. 

05~A has set a TLV for phenol at 5 ppn. ?~enol is liste~ 

in ~a·x's ~an~erous 'rop~rties of In~ustrial ~~aterials as hig~-

ly toxic via an oral route.C 4 l Sax also cies~ri~es p~eno2 as 

a co-carcinogen and a demonstrated carcinogen via a dermal 

ro~te in studies done with laboratory anica!s. Adrlitional 

infor~ation and specific references on the aC.verse effects 

of phenol can be !ound in Appendix A. 

Naphthalene 

~aphthalene is designated as a priority pollutant under 

~ect1on 307(a) of the cv~. 
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Syste~ic reaction to acYte ex~osyre to nap~t~alene in­

cludes nauaea, headache, diaphoresir, he~aturia, fever, anenia, 

liver dama~e, convulaions ann coma. lnnYstrial exposure to 

naphthalene appears to cause increased incidence of cataracts. 

Also, ~e~olytic ane~ia with associate~ jaundice and occasion­

ally renal disease from ~recipitated henoglobin has heen des­

cribed in newborn infants, chil~ren, and adults after exposure 

to naphthalene by ingestion, inhal~t!on, or possibly by skin 

c:ontRc:t. 

The Office of Vater Regulations and Stan~arns, U.S. 

tPA(7) has found t~at acute and chro~ic toxicity to freshwater 

aquatic life occur at concentrations &s lo~ as 2,1n~ an~ o2G 

ug/1, ~e~pectiv~ly,_ anrl ~n,Jld o~cur at :oYer conce~tratic~s 

anong S?ecies t~at ar~ ~ore se~sitiv~ :han those ~ested. 

availahle ~ata for naDhth~lene in~ic:ate ~hat acute toxic:i~y 

to salt~ater aquatic life occurs at concentrations as lo~ as 

2,350 ug/1 an~ Yould occur at lover concentrations a~ong 

species that are ~ore sensitive than those tested. 'lsing the· 

present guidelines, a satisfactory criterion for anbient 

water quality could not be derived a: this ti~e because of 

t~e lniufficiency of d~ta for nap~thalene. 

OSRA'~ standard for exposure to va?or for a ti~e-weighte~ 

indqstrial exposure is SO ngfm3. 

Sax lists naphthalene as ~oderately toxic via the oral 

route and warns that naphthalene is a de~onstrated neoplastic 
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A~dit1onal information and specific 

references on the adverse effects of na~hthalene can be foun~ 

( 
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1t087: Ccking:Deeanter Tank Car ~lurlge. 

1. U.S. ~PA. Draft nevelcpment dceu~ent for proposed 
effluent li~itaticns guidelines and standards for the 
iron and steel manufacturing poi~! source cate~ory; 
by-product cokenaking su~eategory, v.2 EPA No. 44n/l-79 
024a. October 1979 • 

• 
2. nesha, L. 

!lew '.:ork. 
Organic chemistry. 

19 4 6. 
'lc~rav-~ill ~ock Conpany, 

3. Cal•oan Corporation. Assess~en:.of in~ustrial hazar1ous 
waste pr~ctices in the metal s~el:in~ an~ refining indus:r~, 
v.3. Ap~enrlices. Contract No. 6~-0l-26n4. April 1977. 

4. ~ax, ~.1. nangarous ?rope~:ies e~ industrial ~ate~~als, 
Van ::os:rand Rei~hol~ Co., ~e~ !o~k. 5:~ ed., 1979. 

5~ ~aYso~, tnglish and PettY= Physical che,ical pro?er:~es of 
~azardous ~aste constitu~nts. A~pendix ~ o! the '!~y ~~ 

19~n listing background rlocunents. 19~0 

6. T;.s. !PA. A~;!e~t ,_,.a·:er quality .:ri:e";ia :or phenc!. 
EPA ~Q. 440/5-80-066. ~TIS PS •:c. ~1-117772. Octo~•r 19!0. 

7. U.S. tPA. Anblent water qu2lity criteri• for nap~:h•le~e. 
EPA ~o. 44n/S-8"-nsq. ~II~ P! ~a. AJ-117707. ncto•er 19R~. 

-42-

__ ./ 



' ... 
. ' .• .. ,. ~ : 

s~ientifi~ evidence for the vaste constituents phenol 

and naphthalene vith respec~ to attributing potential 

carcinogenicity to these two constituents. 

The Agency agrees vith the co~~enter and has revise~ 

the listing background docu~ent in a manner consistent 

vith the toxicological analyses contained in Appen~!x A -

~ealth and tnvironmental Effects ?rofiles of Subtitle C -

Identification and Liscing of Ha~ar~ous Waste, ~CRA. 

RQwever. ~he Agency still. beliav~s :~a: :hese ccnta~in~nts 

e~hibi: su~fi=ient toxicity to be of regulatory co~~ern. 

~ore specificRlly. ~rolongee e~~osure to lew concen~ration~ 

of phenol can result in digestive disturbances, nervoa~~-

and s~in disorders. Si~ilar ex,o>~re to naphthalene can 

cause livar and renal disease. 

-43-



(K06l) Electric Furnace Elnission Control Dust 

K06l is generated from the primary production of steel in electric 

furnaces when particulate matter in the off gas is collected by 

air pollution control equipment (baghouse). The.composition of the 

K06l dust is basically made up of iron, calcium and manganese oxides. 

The constituents which led to the hazardous listing of K06l are the 

oxides of lead, chromium and cadmium which are present due to the quantity 

of steel scrap charge containing galvanized metals. For the EPA back­

ground document which provides the rationale for the K06l hazardous waste 

listing, refer to Attachment 6. 

At the present time, Rouge Steel Company generates up to 500 tons of K06l 

per week on a regular basis. However, the material is currently utilized 

:in an offsite commercial liquid waste treatment process, and only special 

clean-up waste is disposed of at APCM. 

3 l98l - 6,259 Yds. 

l982 - 469 Y~s. 3 

l983 - 60 Yds. 3 

The estimated annual disposal quantity listed in the Part A Application 

is l9,074 tons, which is consistent with our in-force Michigan Act 64 

Operating License. 

(F006) Wastewater Treatment Sludge From Electroplating Operations 

These sludges will be generated from the following Ford facilities: 

Brownstown Parts Distribution Center 

Dearborn Assembly/Frame Plant 

Rawsonville 

Saline 

Sheldon Road 
-44-

. . ../ 

\, 



( 
' 

LISTING !ACXClOUND DOCUMENT 

ELECTRIC FUANAC! PRODUCTION OF STEEL 

U.S. EPA 
Attachment 6 

K061 emission control dust/sludges from the primary production of 
steel in electric furnaces (T)* 

~1mmary nf Jaeiu fer Listing 

taieeion ~o~tr~l riu•ts/ulu6ges from the primary production 

-
production ~roceaa is ~amoved by air pollution control equip-

ment. Dry collection aethods g&nerate a dust; vet collection 

methods generate a sludge. The Administrator has determined 

rhat these duets/sludge• are solid vastes vhich may pose a 

?reaent or potential hazard to human health and the environ-

ment vhen improperly transported, treated, atored, disposed 

of or other~1•• ·managed acd therefore should be subject to 

appropriate aanage~ent requirements under Subtitle C of RCRA. 

This c:onclusioll 1e based on the following coca:f.c!eratlonw: 

(1) The emiesion control dusts/1ludgee contain signifi­
cant concentrations of the toxic metals chroaium, 
lead, and eadmiua. 

(2) L@ld, chromium .and cadmium have been ahoYn to leach 
in h~rmful concentrations from vaate samples subjected 
to both a dlstilleri vater extraction procedure and the extraction procedure lescribed in ~250.13(d) 
of the pr~posed Subtitle C regulations. 

*This listing vas -:-r:I.J!it.,..1ly proJ>osed on Dece~her lA, 1Q7R 
Fi ~B95q) ~ndel SIC Code 3312 and states as "Iron 

Making: tlectric: furnace duat and sludge." In response to 
a comment subMitted hy the American Iron and Steel Institute that the electric furnace process is used for steelmakicg 
only, net ire>n !In~ steelmaking a·. ~·as previously listed, the Agency 111 o rl if ie d t h <! li s t in g on Hay H , H An ( 4 5 i R 3 3 l 24 ) a s 
"ID:nission cc:'ltr-:.1 ~u~ts/sludges fro~ the electric furnace 
production o f a t e e 1 • " In fur t he r r e s pons e t o a c c."" en t s l.l b r!'i t t e d by the A"' '· ~ 1 c an F o u n c! r y man ' s 5 o c ! e t y , t he A g e n e y 1 s a g a 1 n m o c i­fying the 11 s t1 r. ~ to make 1 t c: l car t h a t t hi 11 l i sting 1 s me ant 
to apply to IH 1 :u r l y ate e 1 p r c clue e r s only ( c" e R e r, pons e to 
Comments in.'baclt of this clocur.ent for more detailed discu•sio!l). 
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(3) A larae qua~tity of t~tae vatttJ (a eombi~ed total 
of approximately 337,ono aetric tent) it ae~erated 
annually anA it available fer diapoa11. There it 
t~u~ a likelihood of ltrae acale contamination 
of t~e envirouoe~t if theae vaatet are aiaaanaaad. 

(4) The vatttJ typically are ditpoted of by beina duaped 
ln the open, either on-lite or off-tite, thua 
poti~& a real1tt1c poa1ibility of aiaratiou of 
lead, cad~1u~, and chromiua to underground drinkioa 
vatar aourcet. Thete setal• perai1t virtually 
indefinitely, preaaoting the aeriou• threat of 
lona-ter~ contamination. 

(5) Off-lite ditpotal of the1e vaatet vill inereate 
the rlak of •itmaoageoent during transport. 

I. Profile of the !nduatry · 

The electric furnace (arc) ~roeeaa i1 one of the three 

principal ••thoAa of producin& ateel in the United Statea. 

In lq74 1 • the iron and 1teel 1oduatry had the c1pacity to 

produce approxiaately 27,non,onn aetrie toea/year of ateel 

via the electric furnace prcc••• (1). 

Plantt are located 1n 31 different atatea, with 70X of 

:he estiaatea capacity loeated 1o Ohio, Pennaylvania, !llino1a, 

Texaa, Michi&an and Indiana (1). ! typical integrated electric 

furnace ateel plant baa an electric furnace capacity of 

about 500,000 aetr1c tooa/yr (1). Capacit1ea at different 

planta range froa a~out 50,000 ~o 2,noo,ooo •etric tona/yr (2). 

II. ManufaeturiliS 'Proceaa 

The rav aateriall for the electric arc tteelmakln& 

process include cold troo and ateel scrap, and flu:ua auch 

~s l1eeatone and/or fluorapar. The raw •ateriala are charced 

into a refractory-lined cylindrical furnace acd melted by 
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passing an aleetrie current (arein~) through the •~rap steel 

by meana.o! three triangularly spaced carbon electrodes 

i~serted throuah the furnace roof. The process proceeds at 

high teaperaturea and an oxidizing ataos~~ere (air or pure 

oxygen ~ra ueed).C2) The electrodes are consume~ at a 

rata of about 5 to 8 ks/kkg.of steal, vith the emission of 

CO and C02 gases. The hot gases entrain finely divided 

particulate, 70% of which (by weight) are less than 5 microns 

In ui:e, the majority of this lese than n.s microns. The 

particulate fume or duet conaiste primarily of iron oxides, 

elllca and lime, with algnlflcant eoaeentrationa of the 

toxic metals lead, chromium and cadmium (1). 

Ill. Vaste Generation 

The vaate producta from the electric carbon furnace 

proceas is a mixture of gases con1i1ting of smoke, slag, 

cetbon, nitrogen, ozone and oxides of iron as vell as other 

metals. (2) The particulates produced during the electric 

furnace eteelmaking procesa ara removed from the furnace 

off-aasea by mean• of baahouce filters, electrostatic preci­

pitators, or high-epergi Venturi scrubbers. The baghouse 

filters and electrostatic precipitators, vhieh are used by 

93% of electric arc Bteelaaking furnaces, produce an emissio~ 

control (dry) duet for disposal at a rate of 12.A kg of dust 

per metric ton of steel produced. Scrubbers, used by the 

remaining 7% of the steelmaking industry, produce slurries 

ot sludges for disposal at a rate of about 8.7 kg (dry solids 
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t.uil) per aetric: ~oD of. ·~t:tel. produced.' 

lated 011 an electric: furnac~ ateelaaking capaciiy of 

27,ooo,oon kk&/yr (aee p. 2 above), aDd assuming that the 

electric: furnac:ea that uae dry air pollution control 

equipaent repreaent 93~ of that capacity, the induatry-wide . . 

eatimated quantitiea of ea1aa1oD control duata and 1ludgea 

produced at full operating caoacity are 321,000 kkg/yr, 

and 16,000 kkg/yr (dry aolida baaia), respectively. 

The Agency hea information indicating that these wastes 

are typically du~ped in the open at on-tite or off-site 

disposal fac111t1ea (1,2). The eois11on control aludges, 

however, are al1o amenable to other form• of disposal, such 

ea diapoaal In lagoona or aurface iapounrloents. !he large 

quantitie• of theae ve1t11 &enerated annually, coobiped v1:h 

the !act that other eai1aion control. duata/1ludges generators 

handle their va1tea in thit manner, =ake this type of a~nageoent 

aituation plausible. (See, for examnle, Secondary Lead 

Bazardoua Waste Liatins !aeksround Document). 

IV. Hazardous ,ropertiea of the Yastes 

1. Mi&ratins ?otential of Waite Conatituents 

An analyail of the electric: furnace du1t supplied by 

u.s. Steel Corporation 11 &iven in Table 1 (3). As the data 

indicate, two of the toxic aetall of concern, leAd and chroml~~ 

are present in significant ~oncentrations. Lead, !or example, 

which haa a usual ranae of lead-in-aoil concentrations of 2. 
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eentration of 1,400 ppa.* 
·- . - . -- - . 

.-- ' .•• -e 

praeent in the vastew in ai&nificant amounts. The analysis 

of the· e11iuion c:ouuol dust waste umple revuleCl::"li:fiHt~um 

to be present at ~lRO ppm and lead to be present at 2~,220 

ppm. The analysiu of the emieeioc control eludge sample 

revealed total eh~UIIium to be preaent in· the vaate at 2,1S90 

The aetal oxide partieulatea iu these dusts are formed 

at high temperature• ic au oxidizing atmosphere. Sueh 

eonditions are knovn to result in the oxidation of ehromium 

to Ita hexavalent fora.C16) The dusts and aludges, therefore, 

The presence of eaeh hi&h concentratlocs of lead and 

(presumably hexavalent) throaium in this waste etreau, in and of 

! tself, raises re&ulatory concerns. rurtheraore, the Agency has 

~a:a see table 2, p. 8) froa the proposed EPA Zxtractioc Proce-

du~es {Sample& 1-4)·and an industry-conducted water extraction 

~Sample 5) vhich shov that lead, chromium and cadmium .way 

·rhe absence of eadmium from the vaste sam~le described in 
!able 1 say be attributable to the fact that 2Q! of the 
constituents (by vei~ht) of the vaste sample are not accounted 
for, or the fact that the eompouition of electric furnace 
dust can vary considerably dependinz on the typo and q~antity 
of cold scrap used to charge the furnaee. Ca~~!um is a demon­
strated waste constituent as evidenced by its presence in 
~igniflcant concentrations in the leachate tests on electric 
~urnace dusts shovn in Table 2 belov. 
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Table 1 

Coapotitioc o! ac Electric furnace Putt* 

?ara~ttttr \lei~ht % (not intended 
total 100%) ,. (total} 35.34 

MilO 8.H 

5102 5.61 

1.121)3 0.62 

CaO 12.01 

Cr203 2.611 

Cull I). l2 

Ni ll,SQ 

Pb () .14 

Zn 0.3Q ., 
S,OQ 

Total 71l.89 

Source: Reference 3 

*Although the data fa Table l 11 presented for the electric furnace duttl collected by ba~houae filters or electric precipitators and aot for the slunges produced 

to 

~y Venturi aerubbert, the aolidt co~tposition of the tludgea ~roduced by scrubber• can be aaauaed to be virtually the aame ns that of the electric furnace ~uttl alnce hoth ~et and dry air pollution ayateaa entrain the same heavy setal particulate. 

-50-



In vlev of the "relative insolubility of trivalent ehre~lum 

(aee Attaehaent 1), the deaonstrated leaehin~ of ehromiu~ in 

these teats polnts to the probsble presence in these vastea . . . 

by the !PA lP procedure which. usee aeetle aeid as itu leaching 

solution, or by the industry test vhleh uses distilled water--

contain contaalnante 1n concentrations whlch are either 

equal to or, f_o_r the 1101t part, exceed 'El'A'a· Nat:! onal Interim 

l'r1aary Drlnkin& Vater Standards, ln some lnatances by ueveral 

orders of ll&&nitude. ~be ~istilled vater extraction shown 

.harmful concentrations of lead, cadmium, and (presumably 

hexavalent) chr~aium even under relatively mild cocditions. 

This eoceluaion ia further aupported by different 

aclubility teet& done on electric furnace emission control 

dust va&te saaples, also ualng water al the leoehin~ aed:!um 

.(1). In this teat, lead was aaain found to leach at dangerous 

coneentraticns, e.g. 1~0 ppm. Another water solubility test 

showed ehromiua and lead to leach from the alud~e in signifi-

cant coneentrat!cne of 94 ppm and 2.0 ppm, respectively (1). 

If these vaates are exposed to sore acidic environments 

'!andfills cr disposal environ~ents subject to aeid rainfall) 

these metals' coneentraticna iu leachate veuld li<ely be 

~!yher, sinee sost ecapouDds of lead, cadmium, and chromium 

are more soluble in eeid than in distilled vater (~.~.7). 
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Ta!DIP. :z.. 

Leeeh Teat Re•ult• (•s/1) on !leetrle rurneee E•l••lon naet• 

National lnterl• 
Prl111nry 

:ont1111lnent 
Drlnktn" \later 
Stendard 

Sa•ple 
1• 

Sa11p1Le 
2* 

Ba•ple 
:J* 

Sa11ple ,. 

I 
Vl 
1\) 
I 

Cd 

Cr 

Pb 

o.ru 0.05 2.84 l.n 4.11·-13,4 

o.rn . (f) .1 0.48 - n.n5 
0.05 0.5 0.06 36.7 (0.2 

•eP extraction-dAte eub•ltted by an A•eriean Iron and Steel lnetltute 
letter to John p, Lehn~en fro• Earl~ F. Young, Jr., dated Hey 1~ 1 1979. 

**Vasta Characterization Data for the Stat• of Panneyl•anla, 
Department of F.nvlronmental Reaourcee. The data for Sa11ple ~ 
vee eupplled hy Aller,heny Ludlu• Steel Corporation fro• a 
vnter extrftctlon pro~ftdure. The Apparent dincrepMncy between 
th~ reeult ohtaln~d for chro•lu• In 9a•ple ~ and thoee obtained 
for chro•luN tn Sa11plea 1-4 •ay be attributable to the particu­
lar typa end ~unntlty of scrap ••tal uaed In the ateel•aklns 
proeeeaee vhlch produced the•• veete eemplea. ' 

**"Source I Reterence 1 vater extraction. 

\ . ., 

Be•ple , ... 
l.J 

-1,248.0 

0.1 

s ...... 
6*** 

120 .o 

.16 

_) 



are sanerated, including Ohio, 7ecaaylvania, Illinois and 

1ndiana, are ltnovn to experience acid rainfall (A). 

A further indication of the migratory potential of the 

~aste constituent& ie the physical form of the waste 1teelf. 

These waste dusta/aludgeu are of a fine particulate eoepoeitioc, 

thereby exposing a large eurfaee area to any percolating 

~~dium, and increasing the probability fQr leaching of hazardous 

constituent• from the waste to groundwater. 

In light of the demonatratad migratory potential of 

harmful concentrations of the vaste constituents, im-

proper sanageaent of these vaatea could easily result in the 

release of contam1nanta. ?or instance, selection of disposal 

sites in areas vith permeable aoils can permit contaminant-
• 

bearing leachate froa the vaste to algrate to surface vater 

and/or aroun~vater. The possibility of ~roundvater contami-

nation ia especially aignificant with respect to ~isposal of 

these vaates in surface iapoundaents, since a large quantity 

of liqui~ is available to percolate through the solids and 

r.oil beneath the fill. 

An overflow problem aiRht also be encounter•~ if these 

c~~res are ponded and the liquid portion of the waste has 

~Pen alloved to reach too high a level in the lagooa; a 

.. ,. ~ "y r a 1 n fall c: o u l d c:: au & e f 1 o odin g wh I. c h 111 1 g h t res u 1 t i_c 

:''e contamination of eoila and surface waters in the vicinity. 
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In addition to dif!icultiat cauted by improper tite 

selection, untecura land!illa in vhich duets and dred~e~ 

aolida could ba diapoted o! are likely to have intu!ficient 

leachate control practicet. Thar~ aay be no leachate collection. 

'''·· traataant 1y1tam to diaicith leachate percolation throuah 

the vaatea and aoil underneath the aite to aroundvater and 

there aay not,be a aur!aca rua-o!f diveraion eystem to prevent 

conta~inanta !rom being carried !rom the disposal tite to 

Gearby aur!ace vaters. 

In addition to grounrl and aurface vazer contamination, 

airborne expoture to laad, chroaiua, or cadmium particulate 

escaping !roa •1tmanaaed eaiation control duata 1a another 

~athvay of concern. Theae ainute particles could be disperaed 

by vind if vaate dusts are piled in the open, plaeed in 

unaecure landfills or improperly handled during transportation. 

A~ a reault, the health of peraont vho inhale the airborne 

~articulates would be jeo~ardiaed. This ia especially true for 

hexavalent chro~ium compoundt, whote carcinogenicity Yia 

inhalation it especially vall aubstant1ated. 

Traasportation.of thaae vast•• to of!-aite diepoaal 

facilities 1ncreatea the likelihood o! their causing bara to 

~uoan beings and the environment. The mismanagement of these 

~3stes during tranaportation aay thut ~esult in an additional 

';:ard. Furthermore, absent proper &anagement safeguards, 

:".e wastes might not reach the designated destination at 

,~1, thus ~a~ing them available to do harm elae~here. 
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Lh~ ~~ate to the ~nvtronment as a result or such improper 

\ __ ~iuposal practices are elemental setal& that pe~sist inde-

contaminants migrating from these waste~ may pollute the 
I environment for lone periods of time. 

J, Justification for T Listing 

The Agency has determined to list emission control dusts/ 

sludges from the primary production of steel in electric furnaces 

as a T hazardous waste on the basis of lead, chromium and 

cadmium constituent&, although these constituents are also 

measurable by the E toxicity eharacteriatie. Although eoneen-

trationa of theca constituents in au EP extract from waste 

streams from particular lite& aay not always be greater than 

10n times the ~atioual Interim Primary Drinking Yater Standards, 

the Agency believes that there are !actors in adrlition to 

metal concentrations in leachate which justify the T listing. 

Some of these factors have already been identified, namely 

the high cooeentratiooa of cadsiu~, chromium and lead ln the 

actual waste and in leachate samples, the non-degradability 

of these substances, and the etrong possibility of the lack 

o! p~ope: management of the wastes in actual practice. 

The quantity of these wastes generated is an additional 

~~~porting factor. AI iadicated above, electric furnace 

c~ission control dusts/sludges are generate~ in very subs:on-

:!al Quantities, and contAin high concentrations of the 
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,toxic •et~lt lea~, chrem1um and cadmium. Large amounts 

of aaeh of these aetala are available for environmental 

release.· The large quantitiea of theae rnntao~nants pose 

the dancer of polluting large araaa of g"ound or surface 

vatera. Contaaination could also occur for long periods of 

tiae, a~nce large aaounta of pollutant• are available for 

environmental loading. Attenuative capacity of the 

~nvtronment surrounding the disposal facility could also be 

~educed or uaed up due to the large quantities of pollutant 

available. All of the•• conaiderations increase the possibility 

of expoeure to the har•ful conetituents in the wa&tet, and 

in the Agency'• view, lupport aT lilting. 

V, Ha%ards Associated with Lead, Chromium, and r.admium 

Lead 11 poisonous 1n 1ll for••· It is one of the •ost 

hazardoua of the toxic aetala because 1t aeeumulatea in many 

organiam&, and it1 deleterioua effect& are numerous and severe. 

Lead aay enter the human ay&tea through inhalation, ingestion 

or &kin contact. Hexavalent chroaium ia toxic to man and 

lower forma of aquatic life, Cadmium ia alao a cuaulative 

poi&on, ea&entially irreveraible in effect. Excessive 

intake leads to kid~ey damage, and inhalAtion of dusts also 

damages the lungs. Additional information on the adverse 

~eaith effects of lead, chromium, 1nd cadmium can he found 

in Appendix A. 

The hazards associated vith exposure to lead, chromium, 

and cad~ium have been reco&nized by other regulatory programs. 



( 

tead, chromlu~ ~nd cadmium are listed as priority pollutant a 

in acc:ordanc:e· viti! §3fl7(a) of the Chan Water Aet of 1977. 

Under §6 of the· Occupational Safety and Health Act o! 1970, & 

flna: atan~ard for occupational e:posure to lead haa heen 

established aad a draft technical standard for chromium has 

been developed (9, lfl). Also, a national ambient air quality. 

standard for lead has been announced by EPA pursuant to the 

~lian Air Act (9). In addition, final or proposed regulations 

of the State of California. Maine, ~assachusetts, Minnesota, 

Missouri, New Hexieo, Oklahoma and Oregon define chro~ium and 

lead containing compounds aa hazardous wautea or components 

thereof (11). 

EPA haa proposed regulations that will limit the amount 

of cadmium in municipal sludce which can be lannspread on 

cropland. (12). The Oceupailonal Safety and Health Administration 

(OSHA) has iaaued an advanee notice of proposed rulemaking 

for cadmium air exposure based on a recommendation by the 

~ational Inutitute for Occupational Safety (13). EPA has also 

prohibited the ocean dumping of eada1ua and cadmium compounds 

except when present ae trace c:ont;noinanta {14). EPA has 

~lso promulgated pretreatment standards for eleetroplaters 

which ~peeifieally limit discharges ef cadmium ro ~ubllc 

'"''ad !r&!atment works (15). 
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(F006) Wastewater Treatment Sludge From Electroplating Operations (Cont'd) 

Wayne/Michigan Truck 

Ypsilanti 

These hydroxide sludges are produced from electroplating (phosphating) 

wastewater pretreatment plants. Before accepting any of these sludges, 

physical and chemical analyses will be performed in accordance with 

the facility Waste Analysis Plan, in addition to compatibility testing 

that is necessary. 

The estimated maximum annual disposal quantity listed in the Part A 

Application is 20,000 tons. 

(:0006) EP Toxic - Cadmium 

This waste exhibits the characteristic of EP toxicity. The particular 

source of waste might include the Emission Control Dust from the Basic 

Oxygen Furnace (BOF) in steelmaking operations. This waste is presently 

neither a hazardous waste based on listing or characteristic. Such dust 

could have cadmium content due to the increased usage of galvanized scrap 

into the hot metal charge. The dust would otherwise be very similar to' 

K061 in chemical and physical properties. Wastewater sludge from the 

steel galvanizing process or continuous caster might produce this waste 

in a metal hydroxide form. 
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(LOOT) EP Toxic - Chromium 

This waste exhibits the characteristic of EP toxicity. The particular 

source of waste might include the Emission Control Dust from the Basic 

Oxygen Furnace (BOF) in steelmaking operations. This waste is presently 

neither a hazardous waste based on listing or characteristic. Such dust 

could have chromium content due to the increased usage of galvanized scrap 

into the hot metal charge. The dust would otherwise be very similar to 

K06l in chemical and physical properties. Wastewater sludge from the 

steel galvanizing process or continuous caster might produce this waste 

in a metal hydroxide form. 

(roo8) EP Toxic -Lead 

This waste exhibits the characteristic of EP toxicity. The particular 

source of waste might include the Emission Control Dust from the Basic Oxygen _; 

Furnace (BOF) in steelmaking operations. This waste is presently neither 

a hazardous waste based on listing or characteristic. Such dust could have 

lead content due to the increased usage of galvanized scrap into the hot 

metal charge. The dust would otherwise be very similar to K06l in chemical 

and physical properties. Wastewater sludge from the steel galvanizing 

process or continuous caster might produce this waste in a metal hydroxide form. 
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B-2 Topographic Map 4o CFR 270.14(b)(l9) 

Refer to the Engineering Drawings for the topographic maps covering the 

area of· interest (Attachment 14). 

B-2a G<>neral Requirements 4o CFR 270.14(b) 

The enclosed Engineering Drawings (Attachment 14) provide: 

facility and distance around it, at a scale of 1" - 200' 

2' contours 

Map date 

100 year flood plain 

surface waters 

surrounding land uses 

map orientation 

legal boundary of facility site 

location of access control 

buildings 

structures 

sewers 
• 

unloading areas 

fire control facilities 

flood control barriers 

run off control systems 

hazardous waste operating units 

wind rose 
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B-2b Additional Requirements ror Land Disposal Facilities 4o CFR 2TO.l4(c) 

As provided by 264. 90 (b) ( 4), this racili ty is not subject to RCRA 

groundwater monitoring requirements (see Attachment l5, Groundwater 

Waiver Demonstration), and is thererore not subject to 2TO.l4(c). 

B-3b Floodplain Standard 4o CFR 2TO.l4(b)(ll) 

The site is not located within the lOO year rloodplain as shown by 

Flood Insurance Rate Map Panel Number 2602l7 0002 B efrective February 

l T, l982 provided with the Engineering Drawings (Attachment l4). 

B-4· Trarric Information 4o CFR 2TO.l4(b)(l0) 

The site access road has supported the transportation of 4 million tons 

of clay and 8 million tons or waste since l956. It'was built and 

maintained with steel rurnace slag, which provided an excellent subbase 

for the 25x high stability asphalt mix that was laid down in l980. 

This steel furnace slag asphalt mix was laid down in a 2t inch base 

course, overlain by lt inches of finish course. The specifications for 

the mix design are shown in Attachment T along with the MAPA Design 

and Construction Guide. Note that the facili~y belongs under a 

Traffic Class T (Medium-Heavy) •. The access road has been properly 

designed and constructed to handle traffic or this magnitude. 

As of l984, there has been no sign of cracking or distress in the asphalt. 

The pavement is 25' x lOOO' with a 25' shoulder on each side. All in­

~oming trafric stops at the end of this access road where the manifest 

check-in trailer is located. Refer to Attachment 8. Speed limit signs 

are posted at l5 mph. 
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.•. jl.ttacbment 7 · 
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FOF ·woRD 

DESCRIPTION OF FULL DEPTH •·,OT MIX 
ASPHALT PAVEMENT: 

This design and specincation guide is int~nded for the_ use of counties, dries. 
consulting engineers and architects for the construction of a modern high type ---.., 
bituminous pavement for county roads. city streets, airports. p~Hking )( \ 
driveways, playgrounds, sidewalks, spOrt fadlities, and the resurfo:h.:ing of existiJ,6 
pavements. The specifications in(lude the Michigan _DepJrtment of St<~te 
Highways Specification 4.13, fine aggregate wearing course;high type bituminous 
concrete surface 4.12~ bituminous aggregate pavement 4.11; bituminous aggre· 
gate surface 4.09~ bituminous bi.lse course 3.05; and asphalt curb. 

The design recommendations in this manual are based on results of the AASHO 
Road Test, specifications of the Michigan Department of State Highways, and 
data from publications of the National Asphalt Pavement Associati<>n;;cThec= 
Asphalt Institute, and the U.S. Corps of Engineers, based on load, traflic 
volume, soil support and condition of existing surface. S.· : photos used are 
through the courtesy of tt.e Michigan Tourist Council and the Michigan 
Department of State Highways. 

ADVANTAGES OF HOT MIX ASPHALT BASE AND 
AND SURFACING: 

This specification covers the newest developme-nt in 
asphalt paving w~h the use of a hot mix asphalt ba· "ld a 

1 .bituminous con,;rete or bituminous aggregate wearir ·urse. 
'-'The use of hot mix asphalt base is now being widely ··pled 

1. Hot mix asphalt paven1cnts can be ·designed to suit any 
conditions of traffic, soils, and· materi::~ls and can be used 
to s..1lvage old pavements as well as to bHild new ones. 

2. It •events water accumulation in 11vement courses, 
on thti! basis of recent experience records, and its,,. · ilding 
performJnce on the AASHO T~st Road. Hot mix <l·;~• • .:.lt base 

"has a wide application ranging frOm light traiTic 1oading on 
residential driveways and parking areas to heavy duty 
driveways. roads, shopping centers, and airports. The design 
thi.:kness of the p3vernent structure shall be determined by the 
engineer based on the type of traffic and the load carrying 
capacity of the subgrade soil. (See thickness chart tOI ·•surface 
and Hot Mix Asphalt Base.") 

Hot mix asphalt base is the term used by the Michigan 
Asphalt Paving Association to describe a hot mixed asphaltic 
mi.xture composed of graded :1ggregate bound togerher by 
asphalt. In different sections · .f the state, it may also be 
referred to as black base,_ deep strength, full depth, total 
asphall, or some other terminology. 

FACTS ABOUT FULL DEPTH HOT MIX ASPHALT 
PAVEMENTS: 

~ng pavement life, free from maintenance will be 
obtained by placing full depth asphalt pavements an the 
prepared subgrade. From a structural standpoint, the higher 
quality of a full depth section over a comparable composite 
section results from the following: 

I. The thicker asphalt sections develop tensile strength in the 
lower port ion of the pavement to resist the stresses of the 
•pphed loads. 

' A well designed full depth asphalt pavement results in a 
waterproof sc.·ction which wilt not allcw under~round 
water to penetrate th~ pavcmt:nt structure, thus 
minimizing the affe~ls of frost. 
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m:, ·:nizing the need for costly subsurface drain abc. 
3. It is durable and--has low maintenance cost. 
4. It reduces stress on the subgrade. 
5. It protects the sut>grade from rain during construction, 

redncing construction delays ,1·ue to bad we3ther. 
6. It ,·-2rmits haul traflic on the base. 
7. l1 .n be constructed rapidly and econ-ornicatly. 
8. Snow and ice melt faster on the black surLJce, making 

removal easier and more economical. 
9. It can be strengihened easily to handle increased loads; 

phase (stage) construction can be incorporated in design. 
I 0. It is not affected by Ice control chemicals. 
11. Smoother an·d quieter riding. 

DRAINAGE: 

Oesign for drainage deser.·es maximum attention Where 
high water tables occur or where water may accumulate ink­
areas, consideration must be given to subsurface drainage. The 
installation of underdrains and/or interceptor drnins may be 
required to prevent the accumulation of water benea~h the 
pavement structure. 

A minimum grade of at least 1% (approximately 1/S ~r 
foo~) shall b~ maintained to provide for Jd~quate drainage. c.. 
surtace water from the tinished pavement Whenever pl'SS.iblC". · 
a grade of 1/-l-" per foul should he used. 

On large parking lo!s, tilted se-.:!iuns, . .:<1\o..:h b:hins and 
storm sewers m;;y be ::~.·ce~sary for ri.ipid dr:.:.in;::gc. 



THICKNESS DESIGN: 
~~-. 

Jesign cunsiderJtion: 

I) Traffic- volume and loading 

2) Subgrade support 

3) Properties of materiah in pavement struclUres 

TRAFFIC: 

Traffic information is needed to· determine the required 
thicknesses of flexible pavements for any load and volume of 
traffic; however, individual estimates of traflic and individual 
designs are not practicable for each and every job although 
they may be necossary for certain specific projects. Truck or 
heavy equipment loading on the pavement structure is the 
principal factor affecting the design. 

Traflic Class 3 (Light)-Up to 50 cars per day. 

1. Residential driveways. 

2. School areas and playfields. 

3. Parking lots, 50 stalls or less. 

4. Airports-? ,500 lb. maximum gross weight. 

5. Seasonal re · ,,ational ro3ds. 

Trame Class 7 (Medium-Heavy}-Up to l SO ~cks and 3,000 
cars per day per lane. 

l. Collector streets. 

2. industrial lots, truck stalls. / 

3. Bus driveways and loading zones. 

4. Airports-30,000 lb. maximum gross weight. 

5. County roads. 

Trame Class 9 (Heavy}-Up to 1,200 trucks and 5,000 cars per 
day per lane. 

I. Major arterial Streets. 

2. Local business stre~ts. 

3. Local industrial streets. 

4. Major service drives or entrancr~ 

5. Airports-60,000 lb. maximun.:-' ass weight. 

6. County roads. 

Tl3ffic Class J 1 fYery Heavy}- Unlimited trucks and cars. 

!. Expressways and freeways. 

2. Airports-over 60,000 lb. maximum gro" weight. 
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SUBGRADE SUPPORT OR SOIL 
CLASSIFICATION: 

For the designs recomme11ded in this. manuJl :~J! s.oil5. ~re • 
divided into three (3) cbms Excdlenl (E). Good (G) ond 
Poor (P). 

California Bearing Rati0 (CBR) design values are assigned 
to the different subgrade classes. 

Excellent subgrade soils retain a substantial amount of 
their load.;upporting capacity when wet. Included are the 
clean sands, sand-gravels and those free of detrimental 
amounts of plastic materials. Excellent subgrade soits are 
relatively unaffected by moisture or frost and contain less than 
10% passing the No. 200 mesh sieve. An excellent 
classification would have a CBR value of I 0 or more. 

Good subgrade soils are those which retain a moder::ne 
degree of firmness under adverse moisture conditions. 
Included are such soils as loams, silty sands and sand gravels 
containing moderate amounts of days and fine silts. A good 
classification will have a CBR value of 6 to 10. 

Poor subgrade soils are those which become qui:e sofi and 
plastic when wet. Included are thuse soils having appre.:i~ble 
amounts of clay and fine silt (SO 1----rcent or more p01ssing 200 
mesh sieve). The coarse silts and sandy learns also may eXJ\ibit 
poor bearing properties in areas where deep frost penetrJtion 
into the subgrade is encountered for any appre~iable periods 
of time. Th.i5 is also true where the water table rises close to 
the surface during ce·' periods of the year. A poor 
classification will have a 'K value of 3 to 6. 

VERY IMPORTANT: 

The recommended method to determine a soil 
classification is the CBR method. It is realized that thjs is 
comparatively expensive, especially for small jobs. For this 
reason other soil classifications may be used. Howe>'er, if there 
is any doubt, a reputable laboratory thould be contacted. 

• 
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TABLE 1 
THICKNESS CHART 

Design Criteria Thickness in lni. . .' ·;s 

Traffic Subgrade Hot Mix* Surface 
Class Oas.s Asphalt Base 1 :ourse Total 

E J.O 1.0 4.0 
3 G 3.5 1.5 5.0 

p 5.0 1.5 6.5 

E . 4.0 1.0 5.0 
- 5 G 5.0 1.5 6.5 

p 6.5 1.5 8.0 
. 

E 4.5 1.5 6.0 
7 G 6.5 1.5 8.0 

p 8.5 2.5 I 1.0 

E 5.5 J.5 7.0 
9 G 7.0 . 2.5 9.5 

p ll.5 3.0 I4.5 

Jl Requires Special Design 

Notes: 
J. A minimum of four ( 4) inches of hot rrux asphalt base may be required for best construction practices. 
2. V.'hen estimating tons of rrux required, use 110 lb/sy for each inch of wearing course, and 105lb/sy for each inch of~AB. 
3. The higher the crushed content •he.more stable the rrux. v.'hen using 100% crushed aggregate (such as slag, crushed gravel or 

limestone) to make hot rrux asphalt base, decrease base thickness by 10%. 
4. When using sand to make hot rrux asphalt base, increase the base and surface thicknesses by 20%. •. 

Hot Mix Asphalt Base is designated Bituminous Base Course 3.05, by the Michigan Department of State High,-ays and 
Transportation. 

THICKNESS DESIGN MULA: 
From the AASHO (Note 1) Road Test Data it is possible 

to make direct c .. :mparisons of thickness designs by comparing 
these thicknesses to the AASHO Thickness Index. 

The AASHO Thickness Index is a number applied to each 
individual total thickness design and is computed by using the 
following formula: 
D =a I D1 + a2 D2 + a3 D3 

D =Minimum AASHO Thickness Index 

D I =Thickness of Surface 

D2 = Thickness of Base 

D3 =Thickness of Subbase (Note 2) 

a I =Coefficient of Surface 

•2 = Coefficient of Base 

a3 =Coefficient of Subbase 

Thickness Coefficients 
Hot mix asphalt surface = 0.42 
Hot mix asphalt base = 0.32-(Note 3) 
Granular subbase= 0.10 

------· 
Suootsted minimum AASHO Thickness Index: 

Minimum AASHO 
Traffic Class Subgrade Class Thi;;kness Index 

E 1.40 
3 G 1.70 

p 2.20 

E 1.70 
5 G 2.20 

p 2.70 

E 2.10 
7 G 2.70" 

p 3.60 

E 2.40 
9 G 3.:o 

p 4.50 

Notes: 
J. AASHO-American Association of State Highway 

Officials. 
2. A subbase is not recommended when using a l~ot Mix 

Asphalt Base except under extrem~ly ad\·ers-e S.llb--

grade conditions. When a subbase is used. edge d s 
The equivalency factors in the above formula are used in 

' establishing the AASHO thickness index for the designs in 
'- Table I. It is not indicated thot each of these materials are 

required, but the thir.:kness of the materials u~d must equ:!l or 
e"ceed the minimum requued in the Index !'ormu!J. 

or under drains may be required. ') 
3. The cocftkient 0.32 for hot mi"X asphJlt base is U'-'" ~-­

fur the first six (6) inches of ba~e. Wb.:n the b;,.:.c 
thickness exceeds 6". the cocffi..:icnt i:- redu.:ed to 
0.24 fur the additional thic~ness. 
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SPECIFICATION 

High Stability Steel Base 

MIX DESiGN CRITERIA-

Minimum Marshall Stability 

Minimum Voids in Mineral Aggregate 

Air Voids 

Flow 

Percent Bitumen 

AGGREGATE -

Shall meet AASHTO M283-81 

Gradation -

SIEVE SIZE 

3/4 
3/8 

4 
a 

30 
200 

PERCENT 

70 -
45 -
40 -
20 -
3 -

Percent minimum crush content 90 

*Tolerance from proposed grading 

PASSING 

100 
90 
65 
60 
40 

8 

• 
2800 

14 

3 - 8 

8 - !8 

4.5 

TOLERANCE * 

This materia 1· sha 11 be produced in accordance with AASHTO - M156-82 
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Af?(CCO 
HIGH STABILITY 

MIX TYPE: STEEL BASE 

27575 WIXOM ROAD 
NOVI, MICH. 48050 

PROJECT: ______ _ 

CDMP. BLOW: _ _:5~o ___ _ 
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PLANT NO. _--::;SA'--'-------'---­

DESIGN BY: .L....L-t:...----­
DATE: January 1984 
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SPECIFICATION 

High Stability Steel Wearins 

MIX DESIGN CRITERIA • 

Minimum Marshall Stability 

Minimum Voids fn Mineral Aggregate 

Air Voids 

Flow 

Percent Bitumen 

c AGGREGATE - STEEL $LAG • 

Shall Meet AASHTO M283-81 

Gradation -

SIEVE SIZE PERCENT PASSING 

1/2 
3/8 

If 
8 

30 
:zoo 

Percent minimum crush content 95 

* Tolerance from proposed grading 

100 
90 - 100 
70 - 85 
50 - 65 
25 - 40 
4 - 8 

·-
2800 

15.5 

3 - 5 

8 - 18 

5.8 

TOLERANCE * 

This material shall be produced in accordance with AASHTO- Ml56-82 

. I 
. '--...>"'' 
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#\[F)(C(O 
HIGH STAB Ill TY 

MIX TYPE: STEEL TOP 

27575 WIXOM ROAD 
NOVII MICH. 48050 

PROJEG: ______ _ 

CDMP. BLOW :_---:::5.::..0 ___ _ 

lu I ' . . 
171 -+ 

I ' 

170 

169 

' ' 

I I 

s.o %i!JK. 6.0 

' I 

' ' I ' 

3000 

: l. 

2500 

2000 

17 

16 

. ·-""'~ ~··· __ ,.,..,..-

I I 

I ' I 

. I. I s.o o,fio·/:(C 6.0 

' I I 

I ' 

I ' 

' I 

I I ' 

' ' 

' ' 

.I I I s.o OJJ·JK. 6.0 

I I 

' ' 

' ' 

I ' 

' I 

' ' 

• u.. . 
u . 
c.. 

..... 
:I: 
(!) 

w 
;: 
..... 
z 
::> 

. 
VI 
a:l ..... 
..... ..... 
<t 
:I: 
VI e::: 
<t 
:E 

. 
<t 
:E . 
> 
~ 

3 

2 

12 

10 

8 

. .90 

Bo 

:JO 

-70-

PLANT NO.-~"------­
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B-4 Traffic Information 4o CFR 270.l4(b)(l0) (Cont'd) 

Trucks disposing of hazardous waste turn left at the manifest trailer 

and enter the waste management area. Average traffic volumes for the 

years l98l-l983 are as follows: 

l983 946 Yds. 3 . 5 Yds. 3 /truck ~ 3.6 truck~/week 

l982 2,l42 Yds. 3 7 lO Yds. 3 /truck ~ 4.l trucks/week 

l98l 32,452 Yds_3 f 20 Yds. 3 /truck ~ 3l.l trucks/week 

Traffic volume for Cell II based on the projected maximum waste disposal 

rates is calculated as follows: 

K06l l9,074 tons . 35 tons/truck ~ l0.5 trucks/week 

K087 520 tons . 5 tons/truck 2.0 trucks/week 

K087 4,750 tons f 20 tons/truck ~ l7 .l trucks/week 

F006 20,000 tons .; lO tons/truck ~ 38.5 trucks/week 

0006 20,000 tons . 35 tons/truck ~ ll.O trucks/week 

0007 20,000 tons . 35 tons/truck ~ ll.O trucks/week 

0008 20,000 tons . 35 tons/truck ~ ll.O trucks/week . 
Non-Hazardous 2l,OOO tons ~ 35 tons/truck ll.5 trucks/week 

Total ll2.6 trucks/week 
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Ford Allen Park Clay Mine 

MID 980568Tll 

Section C Waste Characteristics 

C-l Chemical and Physical Analyses 4o CFR 2TO.l4b(2) 

Waste types to be disposed of at the facility are: 

(K06l) 

(K08T) 

(F006) 

(0006) 

(OOOT) 

(0008) 

Electric Furnace Emission Control Dust 

Decanter Tank Tar Sludge from Coking Operations 

Wastewater Treatment Sludges from Electroplating Operations 

EP Toxic - C9.dmium 

EP Toxic - Chromium 

EP Toxic - Lead 

(K06l) Electric Furnace Emission Control Dust . 
K06l is inorgsnic mineral matter generally composed of iron, calcium 

and manganese oxides .in particulate form. Refer to Attachment 6 for 

the EPA Listing Document which describes the waste, the hazard charac-

teristics, the basis for the hazard designation and provides a generalized 

oxide analysis of the waste. Chemical analysis, density, and EP toxicity 

results of a representative sample taken from the Rouge Steel Company 

waste stream is provided on Attachment 9. K06l is hazardous due to the 

leachate concentrations of lead, chromium, and cadmium which are contained 

in the waste. The relatively lower hazard to the environment posed by 

disposal of electric fUrnace emission control dust is recognized by EPA 

in the July 26, l982, Federal Register, whic~ indicates that facilities 
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(K06l) Electric Furnace Emission Control Dust (Cont'd) 

disposing of K06l may not be required to meet all of the standards of 

other hazardous waste landfills. Pertinent portions of FR 47 No. l43 

follow: 

.. 
Federal Register I Vol. 47, No. 143 / Monday, July 26. 1982 I Rules atid Regulations 32281 'i 

2. Jv!onofills and Neutralization 
Surface Impoundments. The Agency 
believes that two typeS of waste 
management units covered by today·s 
Part 204 permitting standurds should not 
be subject to the full Si't 0f standards · 
promulgated today. These rtre mono£i11s 
and neutralization surfnc:P 
impoundments. EPA intends to propose 
scpa.ra.te st::mdards for these units. 

Monofills are landfills. surfo.tce 
impoundments, or ,-.,·aste piles used to 
treat. store or dispose of one or more of 
a small group of inorganic ·wastes. This 
group includes wastes that are 
hazardous solely because they exhibit 
the characteristic of EP toxicity {defined 
in § 261.24). EP toxicity is a 
characteristic tha,t indicates the 
likelihood that certain metals and other 
c·onstitucnts coUld be leached by an 
acidic leaching medium in significant 

concentrations. This group is further 
limited to specific wastes that the 
Agency formally finds would not leach 
significant concentrations of these 
constHuents in the absence of an acid 
leaching medium. At present, the 
Agency expects that the following 
wastes may meet the above criteria and 
thus would be eligible for inclusion in a 
future re-gulation concerning monofills: 

1. Incinerator ash: 
2. Residues from foundry furnace emissions 

controls; 
3. Metal casting molding sand; 
4. Cement kiln dust and clinker. 
S. Hydroxide and carbonate sludges .. 

resulting !rom the treatment of plating bath 
waste: 

6. Residues from titanium dioxide 
production; 

7. Oven residue from the production o/ 
chrome and Oxide green pigments (listed i;l 
§ Z61.32 as waste KOOS]; and 

a Emission control dust or sludge from the 
production of steel (includiz:g the w;,;..ste listed 
in § 261.32. aa K061}. • 
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Under management conditions that 
preclude contact between the above 
wastes and acids. EPA believes that 
there may be an extremely low 
likelihood that significant 
cortcentrations of hazardous 
ConStituents could leach into nearby 
ground waters.ln essence, although 
these wastes have the potential to cause 
substantial ha."'m if mismanaged {since 
they exhibit the chc:;racteristic of EP 
toxicity), they may be managed in a way 
that makes it ve:y unlikely for this har~ 
to occur. Therefore, EPA believes that it 
may be unnecessary to require monofills 
that prevent waste·acid contact to -­
comply wilh Loc full !'art 264 stan.dards .. 



(K087) Decanter Tank Tar Sludge From Coking Operations 

K087 is generally composed of elemental carbon (97%) and condensed tar 

materials (3%). Refer to Attachment 5 for the EPA Listing Document 

which describes the waste, the hazard characteristics, the basis for the 

hazardous designation and the relative toxicity of the waste. The EP 

to~icity results and the phenol and naphthalene content of the Rouge 

Steel Company waste stream is provided~ Attachment 9. As there are 

no decomposition products of the waste stream, no gas will be generated. 

To facilitate material handling, fine coke screenings (coke breeze) 

are placed in the truck bed. The coke is made of coal which has been 

fused at high temperatures such that the volatiles are driven off. 

The K087 is loaded on top of the coke. Upon tipping, the complete 

load slides out cleanly, and. the load has an increased firmness. 

(F006) Wastewater Treatment Sludges From Electroplating Operations 

F006 is a metal hydroxi~e sludge from electroplating (phosphating) 

wastewater pretreatment operations. Density is approximately 90 lbs./ 

ft. 3 Color is usually blue-green, and there is no characteristic odor. 

The solids content is usually greater than 40%. :pR is usually greater 

than 6.0 but less than 9.0. The basis for hazardous designation is the 

heavy metal and/or phosphate content. The source of these wastes will 

be from Ford Motor Company wastewater pre-treatment facilities which 

began operating on July l, l984. Waste analyses will not be available 

until after that date. Typical range of hydroxide sludge constituents 

based on 6 samples from various Ford plants are provided on Attachment 9. 
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(F006) Wastewater Treatment Sludges From Electroplating Operations (Cont'd) 

These sludges will be generated from the following Ford facilities: 

Brownstown Parts Redistribution Center 

Dearborn Assembly/Frame Plant 

Rawsonville 

Saline 

Sheldon Road 

Wayne Assembly/Michigan Truck 

Ypsilanti 

( r;oo6) EP Toxic - Cadmium 

r:oo6 is a waste that exhibits the characteristic of EP toxicity. The 

particular source of waste might include Emission Control Dust from 

the Basic OXygen Furnace (BOF) in the steelmaking operations. This waste 

is presently neither a hazardous waste based on listing or characteristic. 

Such dust could have the cadmium content due to the increased usage of 

galvanized scrap into the hot metal charge. The dust would otherwise be 

very similar to the K06l in chemical and physical properties. The analysis 

of the BOF dust is provided on Attachment 9. Wastewater sludge from the 

steel galvanizing process or continuous caster (two process changes scheduled 

in the future) might produce this waste in a metal hydroxide form. Analyses 

will be obtained prior to waste acceptance. 
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(I:007) EP Toxic - Chromium 

D006 is a waste that exhibits the characteristic of EP toxicity. The 

particular waste source might include BOF dust from the steelmaking 

operations. This waste is presently neither a hazardous waste based 

on listing or characteristic. The analysis of BOF dust is provided on 

Attachment 9. Wasoewater sludge from the steel galvanizing process or 

continuous caster (two process changes scheduled in the future) might 

produce this waste in a metal hydroxide form. Analyses will be obtained 

prior tp waste acceptance. 

(D008) EP Toxic - Lead 

D008 is a waste that exhibits the characteristic of EP toxicity. The 

particular waste 'source might include BOF dust from the steelmaking 

operations. This waste is presently neither a hazardous waste based on 

listing or characteristic. The analysis of BOF dust is provided on 

Attachment 9. Wastewater sludge from the steel galvanizing process or 

continuous caster (two process changes scheduled in the future) might 

produce this waste in a metal hydroxide form; Analyses will be obtained 

prior to waste acceptance. 

C-la through C-lf not applicable. 

C-2 Waste Analysis Plan 4o CFR 270.l4(b)(3), 264.l2(b)(c) 

The facility Waste Analysis Plan is provided in Attachment lO. 
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Ford Motor Company Allen Park Clay Mine 

Chemical Analyses 

Attachment 9 

FG06 -Wastewater Treatment Sludge from Electroplating Operations 

TYPical range of hydroxide sludge constituents based on 6 samples from various 

Ford plants (Norfolk, Atlanta, Chicago, Kansas City) 

Range (ppm) 
Low High --

As < .0008 -< .25 

Ba. <.10 <.68 

Cd (.002 (.005 

Cr (Total) <.002 <·25 

Pb (.02 (.25 

Hg < .. 0002 <·05 

Se <.002 (05 

Ag {002 (25 

Zn 18.0 33.0 

Ni 18.0 45.0 

cu (.002 . (.002 

It is assumed that these results are typical of wastes being generated at the 

previously identified new WWTP's. Analyses will be provided before acceptance 

of this waste type at the permitted site. 

-78-
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TO: 

SUBJECT: 

OBJECT: 

CONCLUSION: 

TEST DATA: 

\_~; 

CENTRAL LABORATORY SERVICES .. ,. c••""'"' 
)o\t.I!.Utli.C1U'1~~ ~'1·'- tQII\1\1:1~ 

Attachment 9 

dRu~\r.o' - •_I' .. 

LABORATORY INVESTIGATION REP I 1''" '·' . Partial Supplement 

NUMBER 105574 .. ,.pi 
~ ...l. \ ', I . 

January 28, 1982 

John Schultz 

nectric furnace flue dust 

Determine E. P. ToXicity metals in El,ectric Furnace Flue Dust for information 

Reported as observed in flue dust. The following E. p, ToXicity Metals 
are above required limit: Cadmium, Lead, Zinc. 

nement 

.Arsenic 
Barium 
Cadmium 
Copper 
Chromium 
Lead 
Mercury 
Selenium 
Silver 
Zinc 

Note: 

_EJl1!L 

(1) 
14.1 

3.4* 
2.8. 
0.2 

69.5* 
(1) 
(1) .. 
0.3 

1,300* ( .13%)* 

E. P. Toxicity Limit 

5.0 
100.0 

1.0 
100.0 

5.0 
5.0 
0.2 
1.0 
5.0 

500.0 

Method 

EPA 79, M 208.1 
EPA 79, M 213.1 

Flame Atomic Absorption 
EPA 79, M 218.1 
EPA 79, M 239.1 

EPA 79, M 272.1 
nectroplating 

(*) Asterisk indicates element is over E. P. Toxicity Limit. 
(1) Results to follow in near future. 

Metallurgy Department 

CH - BAS / el 

b'c9 81 16011·2 
-79-



TO: 

SUBJECT: 

.-, 
CENTRAL '-"'BORATORY SERVICES 

LABORATORY INVESTIGATION REPORT 

John Schultz 

Electric Furnace Flue Dust 

From Steel Division 

Attachment ·9 

Partial 

NUMBER 105574-i 

January 26, 1982 

OBJECT: To determine the Density and EP Toxicity (cyanide) of the Electric 
Furance Flue Dust for information. 

TEST DATA: 

Sample I.D. 
Cyanide (mg/L) 
EPA 79; M335.2 

Electric Furnace 
Flue Dust 

0.21 

i ~ Ji : / '1 
Concur): ' ~ , ~ (( ff.t::ccJ0--0c=--------

' fJ .A,Galloway, Sect~on Sup'el-visor 
,_)Environmental Section 

BAS 

6~? •• 16011-2 

Chemistry Department 

el 

lfCj,d,._ '!HS · 

1U1liii~ l1tliH1~1JltiU3 1 
Ul•3lltlill] UiHJUl'JfUYM 

-80-

Density (g/ml) 
ASTM B212-76 

1.53 

By (h_CQ. i:_yJz.i~ 1·:;!'/-2~ 
B. A, Schigel ne 

(BN 981, pg 54) 
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• 
Electric Furnace Flue Dust (K06l) 

Attachment 9 

A. Sample T~~en: 
Lab No. 004680 

l. E.P. Toxicity per U.S. EPA SH-846, 1980 

Element Results, ppm Method of Analysis 

Arsenic 0.6 EPA 600/4-79-020 
Barium ,;; 0.8 " 
Cadmium 45.0 " 
Chromium 1.6 " 
~ad 340 " 
Mercury 0.0015 Perkin-Elmer 303-3ll9 
Selenium 2.0 r.c.P. 
Silver 0.8 EPA 600/4-79-020 

2. Chemical Analysis of Electric Furnace Flue Dust 

Element 

Arsenic 
Barium 
Cadmium 
Chromium 
~ad 

Mercury 
Selenium 

.Silver 
Manganese 
Zinc 
Phosphorus 
Sulfur 
Calcium 
Magnesium 
Aluminum 
SiJ,icon 
Potassium 
Sodium 
Fluorine 
Total Iron 
Dissolved Iron 
Cyanide 
Phenol 
Carbon 

Results (mgjkg) 

50 
< 0.8 

95.0 
500 

4,500 
.( 0. 3 

2.0 
6.0 

39,000 
150,000 

450 
3,6oo 

61,000 
ll,OOO 
2,400 

15,000 
5,900 
5,200 

26.2 
350,000 

Boo 
0.1 
0.960 

4,700 

-81-

Method of Analysis 

ASTM E 663 
" 

" 
" 

I.C.P. 
r.c.P. 
ASTM E 663 

" 
" 

Molybate 
lr 32-~co 
ASTM E 663 

" 
" 

N~ C03 Fusion . 
ASTM E 663 

" 
Ion Chromatograph 
ASTM E 663 

" 
EPA 79, M3352 
EPA 79, M420.l 
~co Hr-12 



TO: 

SUBJECT: 

OBJECT: 

CONCWSION: 

TEST DATA: 

( 

I DS/pk \.. 

rc?.,,so11-2 

FN 4716 Attachment 9 
CENTRAL LABORATORY SERVICES 

LABORATORY INVESTIGATION REPORT 
-~,"''i3 

NUMBER_ '_ 

May 9, 1983 

G.E. Waggoner 

EAF Dust #2 
Specification: State of Michigan Regulation 

R 299.6315, Table 303 

= 

Determine E.P.A. toxicity as per SW-846-198o on extract of submitted 
EAF dust #2 for conformance to State of Michigan Regulation R. 299.63: 
Table 303. 

The concentrations of zinc and lead in the. submitted flue dust 
extract exceeds the maximum allowed concentration specified·in 

.State of Michigan Regulation R 299.6315, T~ble 303. 

Chemical composition, milligrams per liter 

Specification 
R 299.6315 Table 303 

Arsenic 0.3 5.0 max. 
Barium 0.65 100.0 max. 
Cadmium 0.5 1.0 max. 
Chromium <0.1 5.0 max. 
Copper 0.3 . 100.0 max. 
Cyanide <0.02 20.0 max. 
Lead. 10.3 * 5.0 max. 
Mercury <0.1 0.2 max. 
Nickel 0.2 none given 
Selenium 0.6 1.0 max. 
Silver <O.l 5.0 max. 
Zinc 1220 * 500.0 .max. 

* Not to specification. 

Test Methods: E.P.A. Toxicity test SW-846-198o, 
Inductively Coupled Plasma Emission 
Spectroscopy 

<= less than 

by D~~ David Spa~neer 
Metallurgy Department 

_/ 

• 

~ 

-82- }
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~:r~,.. ~~-~ .. ~~/ ·.,ii iJ 
.!l""'v !"\t:,l:::Hr'l'-'r''"-'•"''-''-~· 

y, .. d ~:>~ \1.J:lJ~: .'Y'Ien t 0 iv1sion 

Claw Corporation 

_ Attachment 9 
'"'l13 J2A?:+747 
1-..:i " 

:,.G 
-0 (; .. ., 

~ Barch 16, 1982 

Ford Hotor Conpany 
SS2CO 
Ps.rk.la::~e TO".;ers, Suite 623 W 

One Ps.rkl=e Blvd. 
Des.rbo=, HI l18l26 

Att::1: Ed Chras:::cz 

,.. 

Samples received 3-3-82 ~les collected 2-26-82 

nydro number: 53885 

Client identification: SSBCOff 20226o271 

pl::enol, T:!g/k;t; 

naphthalene, r>.e/kg 

Arsenic, As, ~~/1 

Ba.riu::1, Ba, rog/1 

Total Chromi=, Cr. ,r>.e/l 

Lead, P"o, ~/l 

Seleniun, Se, ~5/l 

Sil. ver, A.~ .. J:~.g/1 

!!ickel, Ni, r:J.it./1 

Zinc. z...,_, m;:r,/1 

Tal" Slu•l2:e as 
ree'd 

uo 

l6oc 

Slud::r,e lea.cn:lte 
-perfor.!!ed bv :F'or-~ 

<0.005 

<l 

O.Ol 

<O .02 

<0.0005 

<0.005 

(0.02 

0.05 

0.03 

0.11 

.. 

Linda Deans 
Geners.l La."oor<=".tor;t l'-Rna:z:e:-

-83-
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Attachment 9 

II CENTRAL .A80RATORY SERVICES 

~~~ LABORATORY INVESTIGATION REPORT 

~~==========:ll:==================================================~':Jl~J~:1B:E:R~l~0~57~2~'~J~ 

TO: 

SUBJECT: 

John F. Schultz 

Decanter Tank Tar Sludge 
Supplier: Steel Division 

November 16, 

OBJECT: To determine density and % solids as ~ell as phenol and napthalene 
contamination of Decanter Tank Tar Sludge for information" 

TEST DATA: Results 

Density 1.21 g/ml 

% Solids 80.00 % 
(% Non-Volatiles) 

Phenol 2137. 234 mg/L 

Napthalene 3-307 g/kg 

• Cyanide 17.39 mg/L 

f ) 

Concur: ( -· /), )f.. czlf£bcr-,-- __..-
~~~~~~~~~~~--

1 J.AoGallo~ay, Section Supervisor 

'
/, Environmental Section 

Chemistry Department 

BS - el 
·o ·, 8116011-2 

-84-

Specification Analyst 

ASTM D891 BAS 

FLTM BAS 
BI 2-1 

EPA79 BAS/JF 
M420ol 

HPLC DPL 

EPA79 BAS 
M335.2 

() /j V 1 . 1 . 
by /P • l..t • _A-u~t,,Jc:..l..>cC.. /) · I G n'J 

B. A. Schigelon 



.- . :s.::.:;2.e "::·af:en: 8-28-Bo 
:.so N 2. 005092 

E.?. Toxicity per U.S. EPA s;:-346, :.980 

-· . .:...:..e:rrent 

f:..=senic 

Cs.i.-:ium 
c:::.r :=i urn 
Lee.:i. 
I:~e :-::ury 
3~:~:-:iUJ:l 

F:.:.;;;::-_ Point 
F..S3-~ D 93 

"::·:~ ~.:. Cyar1ili2 
~:.-. T9) 1-I3352 

Resul-;;s, 

"" 0~1 
.:: 0.8 
< 0.005 
< 0.1 

0.2 
OaGO::l 

< 0.25 
< 0.1 

-85-

• Attachment 9 

1'--Ie~!:J.od of Analysi~· 

EPA 600/4-79-020 
" 
" 
" 
" 

Per1;in-Elme::- 303-311? 
EPA 600/4-79-020 

I. ~ 
'"T • \.: 

" 



,...__ 
CENTRI ~ABORATORY SERVICES Attaclnnent 9 

GENERAL SERVICES 

LABORATORY INVESTIGATION REPORT '11.-.,-;111_~ 
NUMBER-·--)· '- \ 

( Co.ntinuecl) 

2. Chcr.1icc.l Ant1.ly~i3 of B.O.F. Flue Du.st, Coar::;e 

Ele~e:nt Results, 

Arsenic 32 
r .. ::..ri1.L'"':l <0.8 
cac.:.r:.un 10 
Ch;conil:.Y.J 100 
Lcc.d < 0.2 
l-icrcu:J ( 0.5 
fic1eniu:n 20 
Gil ~~~e:-:: <o.1 
~-:.::r....:::;an~.:; c 5,)00 
;·~i!1C 3,8oo 
Fho::;r-horus 120 
::;-.;_~u:- 200 
C2.l:i:.;.;:; 8o,ooo 
:::.c:1c:.:-i~ 19,000 

"' P~u:~in:t::: 1,000 
~-:::.licon 19,000 
Pot_:;,:::ciu.."J 120 
:J•.: .. H2.i U::J 330 
Fltt:;:-i;'.~ 13.55 
Tv-':..::.1 r~~-'Jn 48o,ooo 
;)i;:;solved IrSln <0.2 
Cy: .... '"1i1c ~0.1 
?:'1enol ((). 0)0 
Cu::b~n 4,000 

c cl1Cul·, !), , J~, s:~L~ctlc .. JD-·'-3 _ 

u,l. A. Gallovc.:t} Section Su;i.D.:::-visor 
E;n~;i!'On::lental Section 
Chc::~istry Department 

nnw ( r,,G(J:;;) 

-86-

Po.Gc 2 

ASTI-i £. 663 
AS'D-I ;;" 663 
ACT:-: E 6,) 3 
J\!JTI-~ E 663 
AST.-1 E 663 
I. c. P. 
ACTI-1 E 663 
ASTI-1 E S'~3 
A:J':':-~ E !Y0) 
{'n"7'l>< '!':" (:--:;;: 
./"~._;..:..,·!. ---· 

A3r:: ~ E -~-~:; 
~- ..... ,..,,1, ~;" ,..,... __ 
r.G l.n ._. l)'J j 

Ior: Chrs_::.~:::.-:')=:::-~::~: 
/ .. 3T:-1 Z ',JD3 
;"'.:?~_.~ E £63 
E.? • ./\. 7" -·) 

E. F.!;,.. L', : ::~2-..": • l 
LE_::O H:r-12 

.~; ' -
By-\! .'E.~~~"- ( / " '­

K. G. RcD.U.";Je, C. EolC..n 
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C:ENTR( lABORATORY SERVICES 

GENERAL SERVICES 

Attachment 9 

~==~==========~~lA~B~O~R~A~T~O~R~Y~I~N~V~E~S~T~I~G~A~T~I~O~N~~R~E~P~O~R~T==============~N~·u~M~B~E:R~r~;~~;-~3~:~: 

TO: Chri!:j Porter October 2!J, 192<) 

B. 0. F. ESP. Flue Dust 

Test per requezt~ 

1. E. P. Toxicity ner U .. S~ E. p~-; A. SH-8l~G, 19Go 

Spccii'ico.tio~ 
Elc::1cnt Results, PDJ:l Limits, iJT'):';] 

t~::-scnic 0 ,p 
• -U 5 

B;_:,riu:·J 0.60 100 EP/~ Goo /~-19-020 

Cc.C::ii U.'":l O.lG l 

" C":-.. :·'J:i1i.l..!;:i (O.lO 5 

:..cr:.Q 2.6q 5 

·.c:-~crctcy ·uot determined. 0.2 

Sele~u.::J ( 0.25 1 

Silver \0.10 5 

A supplemental re;crt vill follm.; 'Hi th ~·lerc'.lry value::; tested to E?"\ 6o0 r~ -(9-C·2·J ~ 

..A\.:8;otinuecl on pcq;c 2) 

~ 
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CENTR( LABORATORY SERVICES 

GENERAL SERVICES 

LABORATORY INVESTIGATION REPORT 

TES'.l. DA'IY\: (Continued) 

2. Che..7licnl /,.,.'"W.lysis of B. 0. F. Flue Lust 

:Sle:::ent TieGults 1 

J\n;cnic 1;.2 
r.o.ri.U."'.l <o.s 
Cad::1iU.11 50 
ChrOI7li'l..L~ 130 
Lcucl (,000 
ik::-cury 0.5 
Scleniu....., <0.25 
Silvc:~ <0.10 
~·:O.nco.neG e 10,000 
ZL'1c 22,000 
Phosphorus 190 
SuL.--ur 1,6oo 
Cnlciu::i 2,COO 

f""" 
l-::J.~"'lc.:iur.) 9,:500 
f..lu:-;;inlr.l (1. 7 
Silicon G,O·JO 

Pota~siur:1 5,000 
=:orliu.'";l 2,300 
Fluor~"':C 23.09 
Total I:-on 560,000 
I:i:solved I::-on 120 
C:,~nide 0.20 
Phenol <5o ppb 
Co.rbon 7,4oo 

~ I) I~ (J?_ 
Concuo-: , )f. J::t-ctU.P::"'-'CZ.<.v 

/f/ A. Gallor;uy1 Section Supel-\-·isor 
"Ulviror .... "":'lental Section 
Ch~nistry Dcpart~ent 

~;;;,,16011·2 

nTil:J (me;/l~c) .. 

-88-
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i·Icthcd. 

ASTI-i E 6G3 
.i\Sl'I<i E 66~ 
J\GT:'l E 66?, 
ASTI-: E G6~ 
AGT:·i E 663 
I. C. P. 
A!J'T.i.! E 6G 3 
ASTI-! E G63 
AS~~·l E C63 
A3TI·1 E 663 
I.:olytate 
1r- 32- L''<'' 
j\.3~-I E CC3 
f 

C"IT''' ~ ,.,. __ 
.u.:..·• ~- ;~.) 

t~sL: 2 oc3 
I:o.2CG3 Fu.:io:1 

ASTI: :': 
Ion C:'1:-cs::"'.:-J~.:~aF:~ 

AST:f E 0!~3 
AS:i--: E 663 
E.?.~. 1), i-:3352 
E.?.A. 7'), :-::~2~.1 
LECO ~-."r-:.2 
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, CENliR~ .ABORATORY SERVICES~ 1 ,,; ( ·;,0,~ Attachment 9 

ro: 

iUBJECT: 

JBJECT: 

TEST DATA: 

CH/pk 

-st;.t ;:;,16011-2 

tl<cl 1<i _ · 'G A~[; 
GENERAl SERVICES nrv: _0rH -~T Ot?T 

P:·q ,. : 't' ~.'t))i 

LABORATORY INVESTIGATION REPOR NUMBER 101948 

May 7, 1981 

C,H. Porter 

Leachate of BOF nue Dust 

Determine E.P. toxicity metals in leachate, for information. 

Chemical composition 

(ppm) ( Liffii t upm) 

Arsenic 0,02 5.0 
Barium <o.o4 100.0 
Cadmium 0.03 1.0 
Chromium (total) <o.05 5.0 
Lead 1.7 5.0 
Mercury ++ 0.2 
Selenium ++ 1,0 
Silver <O.Ol 5.0 

++ Supplement report to follo~. 

<= less than 

• 

G-tnv IIDJC-._ 
by 

-C~a-th~y~H~ol~d~a------------------
'~ :_ Petallurgy Department 
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TO: 

SUBJECT: 

OBJECT: 

TEST DATA: 

CH/pk 

~,;:;,16011-2 

;""'"\ 

CENTR,( LABORATORY SERVICES 

GENERAL SERVICES 

( 
Attachment 9 

Supplement 

LABORATORY INVESTIGATION REPORT NUMBER_ 

June 2, 1981 

C,H, Porter 

Leachate of a B .0 .F. Flue Dust 

Detei'llline the E .P. toxi.ci ty metals, seler..ium a.'ld mercu...ry­
in the leachate.For information. 

Chemi~al composition 

Selenium 

Mercury 

<o.ol 

<(0.01 

Limit (porn) 

1.0 

0.2 

Analysis of leachate \OS.S performed ty a.Tl ·outside laboratory. 

<= less tha.'l 

-90-

by~:, ~ic!J}~ 
Cathy H'oJ.da 
Metallurgy Departnent 

10194-o ., 



c 

Ford Motor Company Allen Park Clay Mine 

MID 980568711 

Waste Analysis Plan 

Attachment 10 

The manifest checker has the primary responsibility to determine the identity of 

each movement of waste at the facility. Samples of the wastes to be handled at 

the facility will be available for comparative purposes. All wastes are examined 

by the operating engineer before burial. Manifested volumes are also verified. 

Also attached is the Process Flow Diagram outlining the operational procedures. 

Attachment 10 
-91-
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Attachment 10 

Ford Motor Company Allen Park Clay Mine 

Hazarrlous Waste Name: 

EPA I.D. Number: 

Line Number on Part A 
Application: 

Detailed Analyses: 

Method of Disposal: 

Sample Method: 

Analytical Parameters, 
Frequency, Rationale, 
Method: 

MID 9805687ll 

Waste Analysis Plan 

Electric Arc Furnace Eaghouse Dust 

K061 

1 

Refer to Attachment 9 

Landfill 

ASTM D346-78 for Crushed/Powdered Materials 

Chromium, Cadmium, Lead -Analyze yearly, verification 
of hazardous classification, EP Toxicity (4o CFR 261, 
Appendix II). 

Color - Verify each load, characteristic red, visual 
comparison. 

Particle Size - Verify each load, characteristic 
particle size (dust), visual comparison. 

Density -Analyze yearly, characteristic of waste, 
ASTM B2l2-76. 

Bearing Strength -Analyze yearly, characteristic of 
waste, ASTM D-2435, D-2166. 

Compatibility -Analyze yearly, assure integrity of 
leachate collection system and verify that waste 
mixtures do not generate harmful heat, gas, or ex­
plosions, mix materials together and note observations. 

-93-
Attachment 10 



Attachment 10 

Ford Motor Compaey Allen Park Clay Mine 

Hazardous Waste Name: 

EPA I.D. Number: 

Line Number on Part A 
Application: 

Detailed Analyses: 

Method of Disposal: 

Sample Method: 

Analytical Parameters, 
Frequency, Rationale, 
Method: 

MID 980568711 

Waste Analysis Plan 

Decanter Tar from Coking Operations 

K087 

2 

Refer to Attachment 9 

Landi' ill 

ASTM Dl4o-70 for extremely viscous liquids 

:Fhenol - Analyze yearly, verification of hazardous 
classification, sw-846 ( 804o). 

Naphthalene -Analyze yearly, verification of hazardous 
classification, sw-846 (8100). 

Color - Verif'Y each load, characteristically black, 
visual comparison. 

Odor - Verify each load, characteristic smell, visual 
comparison. 

Free Liquids - Inspect each load, free liquids not 
acceptable, visual observation. 

Density - Analyze yearly, characteristic of waste, ASTM 
D-891. 

Bearing Strength -Analyze biannually, prov~s~on for 
waste stabilization, ASTM D-2435, D-2166. 

Compatibility - Analyze yearly, assure integrity of 
leachate collection system and ver~J that waste 
mixtures do not generate harmful heat, gas, or ex­
plosions, mix materials together and note observations. 

-94- Attachment 10 



Hazardous Waste Name: 

EPA I.D. Number: 

Line Number on Part A 
Application: 

Detailed Analyses: 

Method o:f Disposal: 

Sample Method: 

Analytical Parameters, 
Frequency, Rationale, 
Method: 

Attachment 10 

Ford Allen Park Clay Mine 

MID 9805687ll 

Waste Analysis Plan 

Wastewater Treatment Sludge :from Electroplating Operatioo,s_ .. 
-..-."'~._~ 

F006 

3 

Refer to Attachment 9 

Landi' ill 

SW 846, Section 1.4 

Color - VerifY each load, characteristically blue-green, 
visual comparison. 

Odor - VerifY each load, no characteristic smell, visual 
comparison. 

Free Liquids - Inspect each load, :free liquids not 
acceptable, visual observation. 

Density - Analyze yearly, characteristic o:f waste, ASTM 
D-891. 

Bearing Strength -Analyze biannually, prov~s~on :for 
waste stabilization, ASTM D-2435, D-2166. 

Compatibility -Analyze yearly, assure 
leachate collection system, and verifY 
mixtures do not generate heat, gas, or 
Mix materials, and note observations. 

-95-

integrity o:f 
that waste 
explosions. 

Attachment 10 
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Hazardous Waste Name: 

EPA I.D. Number: 

Line Number on Part A 
Application: 

Detailed Analyses: 

Method of Disposal: 

Sample Method: 

Analytical Parameters, 
Frequency, Rationale, 
Method: 

Attachment 10 

Ford Allen Park Clay Mine 

MID 980568711 

Waste Analysis Plan 

EP Toxic - Cadmium 

D006 

4 

Refer to Attachment 9 

Landfill 

SW 846, Section 1.4 

Caqmium - Analyze yearly, verification of hazardous 
~lassification, EP toxicity (4o CFR 261, Appendix II). 

Color - Verify each load, characteristic color, visual 
comparison. 

Odor - Verify each load, no characteristic smell, visual 
comparison. 

Free Liquids - Inspect each load, free liquids not 
acceptable, visual observation. 

Density - Analyze yearly, characteristic of waste, ASTM 
D-891. 

Bearing Strength - Analyze biannually, prov~s~on for 
waste stabilization, ASTM D-2435 1 D-2166. 

Compatibility - Analyze yearly, assure integrity of 
leachate collection system, and verify that waste 
mixtures do not generate heat, gas, or explosions. 
Mix materials, and note observations. 

Attachment 10 
-96-



c. 

Hazardous Waste Name: 

EPA I.D. Number: 

Line Number on Part A 
Application: 

Detailed Analyses: 

Method of Disposal: 

Sample Method: 

Analytical Parameters, 
Frequency, Rationale, 
Method: 

Attachment lO 

Ford Allen Park Clay Mine 

MID 98o5687ll 

Waste Analysis Plan 

EP Toxic - Chromium 

4 

Refer to Attachment 9 

Landfill 

SW 846, Section l.4 

Chromium -Analyze yearly, verification of hazardous 
classification, EP toxicity (4o CFR 26l Appendix II). 

Color - Verify each load, characteristically _black, 
visual comparison. 

Odor - Verify each load, characteristic smell, visual 
comparison. 

Free Liquids - Inspect each load, free liquids not 
acceptable, visual observation. 

Density -Analyze yearly, characteristic of waste, 
AS~ D-89l. 

Bearing Strength -Analyze biannually, prov~s~on for 
waste stabilization, ASTM D-2435, D2l66. 

Compatibility - Analyze yearly, assure integrity of leachate 
collection system, and verify that waste mixtures do not 
generate heat, gas, or explosions. Mix materials, and 
note observations. 

Attachment lO 
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Hazardous Waste Name: 

EPA I.D. Number: 

Line Number on Part A 
Application: 

Detailed Analyses: 

Method of Disposal: 

Sample Method: 

Analytical Parameters, 
Frequency, Rationale, 
Method: 

• 

Attachment lO 

Ford Allen Park Clay Mine 

MID 9805687ll 

Waste Analysis Plan 

EP Toxic - Lead 

D008 

Refer to Attachment 9 

Landfill 

SW 846, Section l.4 

Lead -Analyze yearly, verification of hazardous 
classification, EP toxicity ( 40 CFR 26l Appendix H). 

Color - Verify each load, characteristically black, 
visual comparison. 

Odor - Verify each load, characteristic smell, visual 
comparison. 

Free Liquids - Inspect each load, free liquids not 
acceptable, visual observation. 

Density - Analyze yearly, characteristic of waste, ASTM 
D-89l. 

Bearing Strength - Analyze biannually, proV2SlOn for 
waste stabilization, ASTM D-2435, D-2l66. 

Compatibility - Analyze yearly, assure integrity of leachate; 
collection system, and verify that waste mixtures do not 
generate_heat, gas, or explosions. Mix materials and 
note observations. 

-98-
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Ford Motor Company Allen Park Clay Mine 

Section D Process Information 

D-6a List of Wastes 4o CFR 270.21(a) 

K061, K08T, F006, D006, DOOT, D008 

D-6b Exemption Request 4o CFR 270.2l(b)(l) 

No exemption is requested. 

D-6c Liner Engineering Report 4o CFR 270.21(b)(l) 

The site hydrology is governed by the last glacial period in which the 

Huron-Erie ice lobe occ~pied southeast Michigan. When the ice lobe 

retreated, a uniform clay deposit was left in its place that is generally 

80-120 feet thick and has become an effective aquiclude since the lake 

recession .. 

The confined aquifer is located approximately 70 feet below the existing 

grade at the Allen Park site and varies in thickenss from one to six feet. 

It exerts an upward hydrostatic pressure on the clay aquiclude equivalent 

to 80 feet of head. This hydraulic grarlient in the upward direction is 

a counteracting force against those of leachate migration (drag coupling 

effect and chemica-osmotic diffusion). Under these conditions, there 

:Ls no potential for migration of liquid from the regulated unit to the 

• 
uppermost aquifer during the active life of the regulated unit and the 

post closure care period. 
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D-6c Liner Engineering Rep:?rt 40 CFR 270.2l(b)(l) (Cont'd) 

The liner system is constructed out o:f an insitu uniform clay stratum 
) 

and is coupled with an artesian a~ifer which exerts an upward 

hydraulic gradient to the surface grade. Re:fer to the groundwater 

waiver demonstration provided in Attachment 15 :for the engineering 

and hydrogeological documentation concerning this liner system. In-

eluded in this demonstration is a study on potential leachate migration 

at the site. This liner system is in satisfaction o:f 40 CFR 264.30l(a) 

re~irements. Re:fer to the Engineering Drawings :for additional liner 

detail (Attachment 14). 

D-6c(l) Liner Description 40 CFR 270.2l(b)(l) 

The liner system is constructed o:f :four ccmponents as shown on 

Attachment 11 and described below. 

1. Artesian Aquifer 

The artesian a~i:fer, which lies :forty :feet below the bottom 

o:f the cell, has a hydraulic gradient which extends above 

the surface grade. The hydrostatic pressure exerted upon 

the overlying clay deposit maintains the saturation o:f the 

clay and negates downward migration of :fluids :from the 

surface. 

The water in the clay is under pressure :from the aquifer to 

:flow into the cell not only at the base but on the side 

walls as shown on Attachment 11. 

2. Insi tu Clay Barrier 

A uniform clay deposit is the confining stratum overlying 

' the aquifer. This clay is saturated to surface and :forms an . __ ) 

effective a~iclude. 
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D-6c(l) 

D-6c(2) 

D-6c(3) 

Liner I:escription 4o CFR 270.2l(b)(l) (Cont'd( 

3. Recompacted Clay Liner Base 

The bottom of the cell will receive a compacted clay base to 

achieve the appropriate bottom slopes necessary for the proper 

:functioning of the leachate collection system. The final bottom 

cell elevation is designed to be at 560.0 ft. (MSL). (See also 

engineering drawings, Attachment l4.) 

4. Clay Sidewalls 

The clay sidewalls are formed by the insitu clay strata, and 

extend up to the 580 elevation. Compacted clay is then keyed 

into the natural clay and the sidewalls are extended to final 

surface grade. The compacted sidewalls will be ten feet wide, 

installed in l2 inch lifts, each lift compacted to 90% of the 

maximum dry density as determined in accordance with the Modi­

fied Proctor test (ASTM D-l557). 

Liner Location Relative to High Water Table 4o CFR 270.2l(b)(l) 

The soil stratum overlying the bedrock at the site is silty clay 

with fine sands blanketing the top five feet of the surface. These 

sands are water bearing and could be considered a water table. As 

discussed in Exhibit H of Attachment l5, our consultant considers this 

to be a "minor" water table that will not affect landfill operation. 

Calculation of Required Soil Liner Thickness 4o CFR 270.2l(b)(l) 

The soil liner thickness (insitu silty clay and compacted clay) is 

approximately 4o feet. Refer to Exhibit D of Attachment l5 for the 

appropriate calculations. 
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D-6c( 4) 

D-6c(5) 

D-6c(6) 

D-6c(7) 

Liner Strength Requirements 40 CFR 270.2l(b)(l) 

Minimum strength requirements for liners are designed to protect 

the integrity of synthetic liners from differential stresses. 

The integrity of the site's clay liner, 'which is 40 feet thick, 

cannot be compromised by these stresses. Movement of only a few 

inches by a synthetic liner could cause failure, whereas with the 

clay liner at the subject site, such movement would be of no 

consequence because of the plasticity of the s~turated clay. 

Liner Strength Determination 4o-CFR 270.2l(b)(l) 

Not applicable.because installation of a synthetic liner is not 

needed at this site. 

Liner/Waste Compatibility Testing Results 4o CFR 270.2l(b)(l) 

Refer to our consultant's report, Exhibit D of Attachment 15, which 

indicates that the negative hydraulic conditions at the site obviates 

the need for liner compatibility testing. 

• 
Liner Installation 4o CFR 270.2l(b)(l) 

The liner installation involves the compaction of natural clay 

soils on the base of the cell and the construction of clay side;1alls 

at surface grades. 

D-6c(7)(a) Synthetic Liner Seaming 40 CFR 270.2l(b)(l) 

Not applicable. 
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D-6c(7)(b) Soil Liner Compaction 40 CFR 270.2l(b)(l) 

Clay compaction necessary for both the liner base and sidewalls 

will be as follows: 

l. Place clay in lifts not to exceed l2 inches. 

2. Compact the clay to 90"/o of maximum dry density as determined 

in accordance with the Modified Proctor Test ASTM D-1557. 

The moisture content of the clay should be kept within 2 

percent below and 5 percent above the optimum as defined 

by ASTM D-1557· 

3. Utilize clay soils that have a permeability coefficient of 

-7 
l x 10 em/sec or less. 

D-6c(7)(c) Installation Inspection/Testing Program 40 CFR 270.2l(b)(l) 

Testing of Clay Soils 

D-6c(8) 

(l) Moisture/density 

(2) Atterberg limits 
and grain size 
analysis (sieve 
and hydrometer 
analysis) 

(3) Modified Proctor soil 
soil compaction 
curve 

(4) Permeability co-
efficient 

Installation Inspection 

l test per 1,000 yd.3 or per lift, 
whichever is less. AS'IM D-2922 

3 l test per 10,000 yd. or per change 
of material. AS'IM D-423, 424, 422 

l test per 10,000 yd. 3 or per change 
of material. AS'Jl.1 D-15 57 

l test per 10,000 yd. 3 or per change 
. of material, U.S. A:rmy Corp. of Engineers. 

:EM lll0-2-1906 

A soil. testing service will be employed to provide full time inspection 

and testing of the soils and installation procedures to assu_~ that 

the liner systan as installed meets the design requirements. 

Liner Coverage 40 CFR 270.2l(b)(l) 

Since the clay deposit is an integral part of the liner system, this 

question is not applicable. 
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D-6c(9) Liner Exposure Prevention 40 CFR 270.2l(b)(l) 

The natural clay liner can withstand exposure to the elements as 

evidenced by the stable integrity of the other existing cell liners 

at the facility. 

D-6c(l0) Synthetic .Liner Bedding 4o CFR 270.2l(b)(l) 

Not applicable. 

D-6d(l) LiB.er Foundation Design Description 4o CFR 270.2l(b)(1) 

The liner foundation is a uniform lacustrine clay bed resting on 

limestone bedrock of the Dundee formation. The clay is approximately 

70 feet thick beneath the cell bottom. Refer to Attachment 15 for 

the soil testing data and hydrogeological report. 

D-6d(2) Subsurface Exploration Data 

Test borings - 15 borings into liner foundation depth to confirm 

depositional uniformity and soil engineering characteristics. 

Test pits - The adjacent 200 acres have been excavated and back-

filled in a manner similar to the proposed Cell II. Hazardous 

Waste Cell I operating under interim status is the operational 

model to follow. It was constructed identically to Cell II and 

provides proof of the liner's stability and physical integrity. 

Geophysical exploration - The seismic survey on the cell bottom 

indicates uniform soil to bedrock, which is an estimated 70 feet 

below well bottom. 
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D-6d(3) 

D-6d(4) 

Engineering characteristics of the foundation materials are 

well known and tested in the area, due to the abundance of 

constructed engineering projects. For example: 

l. Storm sewer installed underneath Oakwood Blvd. at the ap­

proximate elevation of the aquifer. 

2. Footings for the major buildings in the area. 

3. Borings for the adjacent highway construction. 

The soil test work done on these projects verify the engineering 

characteristics of the liner foundation materials which have 

been presented in Attachment 15. 

Laboratory Testing Data 4o CFR 270 .2l(b) (l) 

Site specific laboratory test data is provided in Attachment 15. 

Additional soil test results are available on the adjacent constructed 

engineering projects. 

Engineering Analyses 4o CFR 270.2l(b)(l) 

Refer to Attachment l2 and the following discussions on settlement 

potential, soil stability, and bottom heave for an analysis of 

the engineering characteristics of the site. 
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D-6d(4)(a) Settlement Potential 40 CFR 270.2l(b)(1) 

Since 35 feet of soil was excavated to create the cell, the liner 

foundation has been pre-loaded or consolidated so that settlement 

of the liner foundation should not occur. A demonstration of this 

aspect is provided by the observation of Cell I. 

Inactive Salt Mines: 

The mineral rights on the property are owned by Ford Motor Company. 

A present lease agreement exists for the mining of salt in a Niagran 

evaporiate seam which is situated 1,137 feet below the surface. The 

reserves have been mined by International Salt Company. 

Mining is done by room and pillar method with SO' x SO' pillars and 

50' rooms. This amounts to 62%.extrzction. The seam is 22' - 25' 

thick and 4o" - 100" is left for ceiling support. During the life 

of the mining operation, there has never been evidence of surface· 

subsidence and none is anticipated in the future. International 

Salt. Company has displayed the prudent mining practice necessary to 

ensure the sound integrity of the Allen Park Clay Mine landfill. 

D-6d(4)(b) Bearing Capacity and Stability 4o CFR 270.2l(b)(l) 

Refer to Exhibit H of Attachment 15 which provides.the standard 

penetration values of the soil. The results of the standard 

penetration tests indicate the relative density and comparative 

consistency of the soils, and thereby provide a basis for es­

timating the relative strength and compressibility of the soil 

profiles. 

-107-



D-6d(4)(b) Bearing Capacity and Stability 4o CFR 270.2l(b)(l) (Cont'd) 

The adequate bearing capacity and stability indicated by the 

standard penetration values is verified by the experience provided 

by the adjacent landfilling operation. 

D-6d(4)(c) Potential for Bottom Heave or Blow-Out 4o CFR 270.2l(b)(l) 

Hydrostatic pressure from the confined aquifer does provide the 

potential for a bottom blow-out if the cell bottom is located too 

clos~ to the aquifer. It should be noted that the excavation has 

already taken place, and the cell bottom has been exposed without 

consequence for a period of several years. Refer to the following 

Attachment l2 for engineering analysis of the potential. 

D-6d(4)(d) Construction and Operational Loading .4o CFR 270.2l(b)(l) 

Demonstration that the liner foundation is capable of adequate 

support is provided by the present operation of Cell I. Cell I 

is identical to Cell II, and the Caterpillar D-7 bulldozer has no 

problem working Cell I • 

• 
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Attachment 12 

Ford Allen Park Clay Mine 

MID 9805687ll 

Cell Bottom Stability 

Piezometric Level = 601' 

Bottom of Clay Liner= 521' 

Upward Pressure = (6cl - 521) x 62.4 = 4,992 PSF 

Downward Pressure = (batt. elev. - 521) x 130 PCF 

For F.S. = 1.0, Downward Pressure = 4,992 PSF 

Bottam Elev. (F.S. = 1.0) = 4,992 + 521 4 
130 - 559. ' 

Lowest Elev. of Natural Clay Liner Surface = 560• 

c 
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D-6e Leachate Collection and Removal System 4o CFR 270.2l(b)(l) 

The design specifications and supporting calculations are provided as 

Attachment 13. The design engineering drawings for the system are 

provided as Attachment 14. 

D-6e(l) System Design and Operation 4o CFR 270.2l(b)(l) 

The leachate collection system is constructed. of the following 

components : 

1. Collection bed 

2. Gravel packed collection pipe 

3. Concrete sump and risers 

4. Pump and discharge hose 

Collection Bed 

The collection bed rests on a sloped cl~y liner with grades greater 

than 1% to the collection pipes and manhole sump. The granular drainage 

blanket shall be placed as shown on the design plans. It shall consist 

of t-lichigan ~partment of Transportation (:MOOT) Class II Granular Material, 

based on grain size testing of at least one sample per every 5,000 cubic 

yards, measure~ in place. This layer shall be at least 12 inches thick. 

Gravel Packed Collection Pipes 

The collector pipe system shall be constructed as shown in the design 

plans. The collector pipe shall consist of nominal 4 inch diameter SDR 

7.3 HDPE (PPI rating of .3408) perforated pipe. Perforations shall be 

0.25 inches in diameter and will provide at least 0.25 square inches 

of open area per foot of pipe length. The gravel backfill for the 

pipe trenches shall consist of MDOT Series 6A or 17A coarse aggregate. 

This backfill shall be placed and compact_ed by hand. Geotextile filter 
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Gravel Packed Collection Pipes (Cant' d) 

cloth shall be placed as shown in the design plan. It shall consist of 

non-woven, needle-punched polypropylene geotextile possessing an equi­

valent opening size no greater than the opening size of_ a #70 mesh 

standard sieve and a permeability no less than O.l em/sec. 

Concrete Sump and Risers 

The concrete sump is 96 inches in diameter and rests on a concrete 

cookie slab as shown on the design engineering drawings (Attachment "14). 

The sump will be coated with epoxy so as to be resistant to the leachate 

that will be generated. The epoxy will prevent the sump from coming 

in direct contact with the leachate. The sump is designed to hold at 

least 1,000 gallons of leachate, while creating a head of less than 

one foot on the liner. The concrete risers are five foot in diameter. 

Pump and Discharge Hose 

The sump pumps to be used will be electrical submersibles with float 

switch mechanisms-automatically controlled. The float switch activates 

the pump when a thousand gallons of leachate collect in the sump and 

automatically shuts off the pump when the sump is empty. The discharge 

line will be connected to an equalization tank which meets the definition 

of "wastewater treatment unit" as specified in.260.l0. Discharge will 

be to the Detroit Water and Sewerage Department public sewer. 
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D-6e(2) Maximum Leachate Head l,o CFR 270.2l(b)(l) 

D-6e(3) 

D-6e(4) 

D-6e(5) 

Attachment 13 provides the design calculations and specifications 

indicating that the leachate will not exceed one foot depth over the 

liner. In the event that it becomes necessary to reduce maximum 

leachate head to less than one foot, pipe spacing may have to be 

reduced. The water balance provides the data necessary to determine 

the collection pipe spacing. The permeability of the drainage blanket 

provides ade~uate flow to the collection pipes. The pipe flow capacity 

has been ade~uately designed to handle the anticipated leachate flow. 

Chemical Resistance 4c CFR 270.2l(b)(l) 

The system components have been selected for their chemical resistance 

to the proposed wastes. The wastes are inorganic heavY metal oxides and 

silicates except for coal tar sludge. The collection pipe (high density 

polyethylene) is resistant to the heavy metals as well as the organic 

chemicals (phenol, naphthalene) expected to be present in the leachate. 

The same is true of the polypropylene filter cloth around the collection 

pipe and the epoxy applied to the concrete sump. The manufacturer's 

chemical resistance specifications are provided in Attachment 13. 

Strength of Materials l,o CFR 270.2l(b)(l) 

The collection pipe is shown to have ade~uate strength to prevent collapse 

under the expected static and dynamic loadings as indicated in Attachment 

13. 

Prevention of Clogging 4o CFR 270.2l(b)(l) 

The collection system was designed to prevent clogging by utilizing 

proper liner gradients, collection pipe slot sizes, gravel packing 

specifications and filter cloth as shown in Attachment 13. 
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D-6e(6) 

D-6e(7) 

( 

Installation 4o CFR 270.2l(b)(l) 

The installation will be under the supervision and direction of a 

registered professional engineer who will be required to certify 

that the construction was followed in accordance with the design 

plans. Inspection program will include verif'ication of: 

1. proper liner slopes 

2. specified materials are used 

3. materials installed in accordance with design plans (Attachment 13). 

Maintenance 4o CFR 270.2l(b)(l) 

Implementation by the facility personnel of an inspection program to 

identify maintenance problems will assure timely corrective actions 

can be made. Such inspections will include a review of: 

1. operation of sump pump 

2. operation of power supply 

3- operation of float switch mechanism 

4. clogged collection pipes (clean-outs) 

5. incidents of vandalism 

Daily inspections now being performed will be expanded to include 

these additional areas of concern. 
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DESIGN SPECIFICATIONS -
CELL II lEACHATE COLLEcriCN SYSTEM' 

ALLEN PARK CLAY MINE Li\NDFIIL 

Attachment 13 

I. OOLLEcrQR PIPE SYSTEM. 

• 

A. A collector pipe system shall be constructed as shown in the design 
plans. · 

B. The collector pipes shall consist of nominal 4-inch diameter SDR 7.3 
HDPE (PPI rating of 3408) perforated pipe. Perforations shall be 0.25 
inches in diameter or width and will provide at least 0.25 square inches 
of cpen area per foot of pipe length. 

c. Granular backfill for the pipe trenches shall consist of MlXJ1' Series 6A or 
17A coarse cggregate. This backfill shall be placed and a:mtpacted by 
redding and tamping by hand • 

D. A geotextile filter shall be placed as shown in the design plan. It shall 
consist of ron-w:>ven, needle-punched polypropylene geotextile possessing 
an equivalent opening size ro greater than the opening size of a #70 
standard sieve and a permeability no less than 0.1 em/sec. 

II. GRl\NULI\R DRAINAGE BLI\NKET 

A granular drainage blanket shall be placed as shown on the design plans. 
It shall consist of MlXJ1' Class II Granular Material, based on grain-si:ze 
testing of at least one sample per every 5, 000 cubic yards, measured in 
place. This layer shall be at least 12 inches in thickness. 

j 
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c. Type IP, I{PM), IP·A, and I(PM)·A Pouotan 

Cements.-These portland cements shall conform to tho 

requirements of ASTM C 595. 

d. While Cement.-This portland cement shall conform. 

to requirements for Type I of ASTM C 150, except that II shall 

contain not more than 0.55 percent of ferric oxide (Fe,03) by 

weight. The requirements for Gillmore selling lime test and 

compressive strength through the 26-day test shall apply. 

8.01.04 Masonry Cement-Masonry cement shall con· 

form to ASTM C 91. 

8.01.05 Hydrated Llme.-Hydraled lime shall conform to 

ASTM C 207. 
8.01.06 Ground Blast-Furnace Slag.-Ground blest· 

furnace slag shall conform to the requirements of ASTM C 

969, Grade 100. II shall be used only as a blending materiel 

with Type lA or Type I portland cement, and only when 

approved on a project-by·project basis. 

6.02 AGGREGATES 

8.0~.01 General Requlrements.-Aggregates may be 

Inspected at the producing plant and when received on the 

job. Such material shall not be used until approval has been 

received from the Engineer. Approval of aggregates at the 

producing plant does not constitute a waiver of the Depart· 

ment's right to reject them on the job. Aggregates which 

have been tested and approved for use in State work shall 

not be used in other work. When the circumstances require 

that the material be sampled from the hauling unit, the 

Contractor shall furnish a stairway and platform to provide 

safe access to the material In the hauling unit. 

Aggregates shall be transported from the storage site to 

the work in vehicles so constructed and maintained as to 

prevent loss, contamination, or segregation of materials 

after loading and measuring. 

0.02.02 Testing.-Testing will be accomplished by the 

specific methods specified throughout the Section and by 

the following general methods: 

Sieve Analysis of Mineral Filler ................ AASHTO T 37 

Sampling of Soils ....................................... AASHTO T 86 

Particle Size Analysis of Soils .................. AASHTO T 88 

Sieves (Square Openings) ................. ASTM E 11, E 323 

The determination of deleterious particles will be darer: 

accordance with Department methods: 

Oeflnltlona of Terms.-Terms used in the ins;*.CI·Y. .. ~e 

testing ol aggregates are def1ned as follows· 
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8.02.02 

1. Natural Aggregates.-Natural aggregates shall be 

obtained I rom stone quarries, gravel deposits, or waste 

mine rock. Only such quantities of clay lumps and 

roots as are determined by the Engineer to have no 

deleterious effect upon the finished product will be 

permitted. 

2. Slag Aggregales.-Siag aggregates are by-products 

formed in the production of Iron, copper, and steel. 

When the word "slay" Is used alone, It shall be under­

stood to mean iron blast·Jurnace slag or 

reverUeratory-furnace slag. 

Iron Blast·Furnace Slag is defined as a synthetic 

non·metallic by-product produced simultaneously with 

pig Iron In the blast furnace; the slag consists princi­

pally of a fused mixture of oxides of silica, alumina, 

lime, and magnesia. 
Reverberatory-Furnace Slag Is defined as the non· 

metallic by-product resulting from refining copper ore. 

Steel-Furnace Slag. Is a synthetic aggregate pro· 

duce<l as a by·product of basic oxygen, electric, or 

open hearth steel-making furnaces; steel furnace slag 

consists principally of a fused mixture of oxides of 

cillcium, silica, iron, alumina, and magnesia. Steel· 

furnace slag shall meet the same gradation and physi­

cal requirements as specified for iron blast-furnace 

slag and reverberatory-furnace slag. 

3. Soft Partlcles.-Soll particles are those particles 

which are structurally weak or which are found to be 

non-durable in service. Soft particles Include shale, 

siltstone, friable sandstone, ochre, coal," and clay6 

Ironstone, except that clay-ironstone particles will not 

be classified as soft particles in the 9, 25, 26, and 31 

Series aggregates used for bituminous mixtures and 

seal coats. 

4. Crushed Particles.-A crushed particle is one which 

has at least one fractured face, except lor those coarse 

aggregates where the size of the sieve on which the 

aggregate shall be retained before crushing is 

specified, ih which case essentially all surfaces of the 

particle shall be fractured. 

Determination of crushed particles in aggregate 

produced by crushing portland cement concrete will 

be t.Jsed on the prese'lce of broken faces on the parti­

cie .and not on the fact that it is a tragmenl broken from 

CO"';:rcte. 

-4~-

-.... 

i 
' 

I 
l 

I 
! 

. 
i 
l 

i ,. 



I 
1-' 
w 
0 
I 

';· 

·{ 

.' 

{: 
,, 
i 

.. ,__ ~ 

.• ~- . ii ....... ,bht&l¥& . 

• • ,., .. , ••• ,.· ,. "' .... , •• ,. ··~ ,.,,., • I 
: •'"·' ,., ' 

8.02,02 

All sandstone particles wilt be considered as crushM 

particles. · 

8.02.03 Coarse Aggregates for Portland Cement Co11r 

crete, No. 12 Bituminous Mixtures, and Bituminous Seal 

Coats.-Coarse aggregates for portland cement concrete. 

No. 12 bituminous mixtures, and bituminous seal coats 

(Michigan Series No. 6, 9, 17, 25, 26, 28, and 31) shall be 

obtained from natural aggregate or slag sources. Coarse 

aggregate produced by crushing portland cement concreto 

salvaged from ihe removal of concrete pavements, curbing, 

sidewalk, and similar structures from Department projects 

may be used In No. 12 bituminous mixtures other than top 

course mixtures and In pOrtland cement concrete mixtures 

other than those requiring the use of 6AA aggregate. 

The aggregates shall conform to the grading require­

ments In Table 8:02·1, the physical requirements In Table 

8.02·2, and the following additional requirements. 
Slag for concrete or bituminous coarse aggregate, con· 

forming to tho grading to be used in the mixture, shall have 

a unit weight ol not less than 75 pounds per cubic foot as 

determined by ASTM C 29, Rodding Procedure. 
Coarse aggregate produced by crushing concrete shall 

not be contaminated by· base material picked up with the 

concrete. The presence of foreign materials, such as brick, 

wood, or ptastei, in excess of 0.25 percent will be consld· 

ered as evidence of contamination and shall result in rejec· 

lion of the aggregate. Pieces of steel reinforcement may be 

present provided they pass the maximum sieve size of the · 

grading without hand manipulation. The quantity of bituml· 

nous material in the crushed concrete shall not exceed 5 
percent for aggregate to be used in concrete mixtures nor 

15 percenl.lor aggregate to be used in bituminous mixtures. 

A fragment of crushed concrete containing some biluml· 

nous material, soft particles, or chert will be considered as If 

the whole fragment was composed of the objectionable 

material. The crushed concrete shall conform to the physi· 

cal req~irements shown for gravel and stone In Table 8.02·2. 

8.02.04 Dimse-Graded Aggregates.-Dense·graded 

aggregates (Michigan Series No. 20, 21, 22, 23, and 35) shall 

conform to the grading requirements in Table 8.02·1, the 

physical requirements in Table 8.02·2, and the following 

additional requirements. 
The 20 Series and 35A aggregates are used In bitumino\JS 

mi)(tures. 
The 21AA. 21A, 22A. and 23A aggregates are used tot 
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8.02.05 

1ggregate base course, aggregate surtace course, aggre­

gate shoulders, and aggregate approaches. 
Dens.,.graded aggregate shall consist of gravel, stone, 

slag. or crushed concrete, In combination with fine aggr6' 

gato as necessary to meet the gradation requirements. 

Dense-graded aggregate produced by crushing portland 

cement concrete shall not contain building rubble as evl· 

denced by the presence of more fhan 1.0 percent brick, 

wood, plaster, or similar materials/) Pieces of steel rein· 

forcement may be present provided J~ey pass the maximum 

sieve size at the grading without 'i?nd manipulation. The 

crushed concrete shall conform 11:1 the physical require· 

ments shown for gravel and stone ih Table 8.02-2. 

When producing bituminous mixtures for top courses, 

aggregate produced by crushing portland cement concrete 

will not be permitted for the portion of the 20 Series aggre- · 

gate coarser than the l,'fl inch sieve. 
The portion of the 20 Series aggregates passing the 'Iii 

Inch sieve shall be natural sand, stone sand, slag sand, sand 

produced by crushing portland cement concrete, or stamp 

sand. Only a negligible amount' of organic material will be 

permitted. When producing bituminous mixtures for top 

·courses, the amount of stone sand from crushed carbonate 

(limestone or dolomite) sources shall not exceed 10 percent 

of the total weight of the aggregate in the mix. 

The material shall be stockpiled in such manner that the 

material may be removed from the stockpile by methods 

which will provide aggregate having a uniform gradation. 

8.02.05 Open·Graded Drainage Course (OGDC) 

Aggregates.-OGDC aggregates shall conform to the 

grading requirements in Table 8.02·1, the physical require· 

ments In Table 6.02·2, and the following additional require· 

ments. 
OI3DC aggregate shall be obtained from natural aggre­

gate, crushed concrete, Iron blasHurnace slag, or 

reverberatory-furnace slag sources. 
Aggregate from crushed concrete shall be produced by 

crushing concrete salvaged from highway-type structure~ 

such as pavements, curbing, gutters, and sidewalks. The 

salvaged concrete shall not be contaminated by base mate· 

rial picked up with the concrete. Presence of brick, wood, 

plaster, or similar materials in excess of 1.0 percent will be 

considered as evidence of contamination and shall result In 

rejection of the aggregate. Pieces of steel reinforcement 

may be present provided they pass the maximum sieve size 

of tho grading without hand manipulation. 
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1.02.08 

Ill Mnlutt Ill porc.nt. 
t21 Slaglhll consist Gl dtatt, tough, durable pleus, ftUGIIIbft unllotM II dtftaity 1nd ~aualty. The 

1ggregates thai contain no lrtl tunhyduttd) limt. 
(31 Determined by diwlding tht we:o'lt Gl II• ~tticlu plckldb~dll walgtd.OI 1111 po .. on ollblumple 

lrGm which they wert se1ce1ed. 
Ct;~w·tronstona p1rtlcles arc lndudcd illltll soft p1rtitln ph:ked 101 tht I. 11, Jnd 21 San•• 

aggrcgal~s 
Clly·lron~lane puticlc$ 1n nGt included in lhl SGft putlr;lu picked lor ltlll, 25, 21. and 31 

Scriu aggreoates. 
(4) The Pertentaoe ol crushed maurial win be ddcrmined on thai poflion Gl lht Ufll{lll retained on II 

1ie~u down to and inclu(hngthe "·inch sieVI lor AQgr~ate S~riiS 21and 22 llld includonglhl 
No.4 sie~e far AQgregale Series S. B. 9. 20. 2.5. 28. ll. 34, Jlld 35. 

(5) P;u1lciH with nadu!H at chert wiU be conStdmd as chert. 
16) Aggregates mldlllell tar u~i m uposed concrete v.rl be required to demonslute.IG 1111 utislat;• 

tian althe fnQLnecr. adequate lreuc·lh.iw cluubrh~ tar the parlLCLIIil us.. collier b"t muns ol an 
extended lretd rewrd at uSt in srm1IU concrete wh1ch had 51milar e•pasure, or bw actelerat•d 
liibOratory lree!e·thaw tests. Gr botll. · 

17) WIL~re lrtuc·lhllw dur.ib•hf"l' testing results 111 a du11brklv factor of leU than ~O.Itlc fnginnr mq 
impose mo•e ustndive ltl(u1rcmenu Gil th~ s~h and. or chert particles based Gil Departmen1 
methods, to ensure adequile durab.bty tar the mllltr~al'lurn,shed 

(8) Cla~·iron~lone pllflide~ shalt not nceed I .0 percent lor 6M and 26A. and 2.0 percent lor U.and 
11A . 

(9) Aoo•eoate used in the produclion at top course mi.tu•n slu!t meet tha Aggregate Wur lndu 
(AWl) speci~ed hu the wadlli"l' Tile AWl est;,bli~hed hu ~ar~ous augrtQ.iiC souJCU w.ll be bued 
on ~ur tra'k testino an!!! or petrographiC ;m~lys1s ot reprcsenta11we umlliU ollhe i!JQUglle. The 
Contrartof may reQunl iPiliOV.il to futnlih .in aggregate mrtl~re whrch is a blend ol an aggrtQIII 
ha~ing a low AWl With in aiJgrugale hawmgll h1Qh AWl. the mo.ture Shill be prOilOr11Gncd such that 
the miKtura wil ha~c an AWl met~mg. or excetilLnQ. the AWl reQUIItd tal the roidlllliV- Tha 
IIIOftQat~s. the pruporl!Qn~ to be used. and I he p1ored1.11U to be used IGr llllnd,ng the aggrtQaiU 
5haJI be as ipllro~ed by tnt fnu•nter 

flO) Wher1 u~ed as Granularlliankel. agg1cga1u ~G and 3-\G sh.tll have 1 mirumum crushed rontent Gl 
90 peiCtnl and aggreuate 8G shaU have a min1mum crushed content oi7S pcrctnl. 

(11) The .abfiSIUfl requ1remenl ap1Jile' to li(IQit\]atn 11om anw SGI.Ifte tuuwrl. stone, crushed CGncttll. 
Gf slag) . 

• 

8.02.06 Granular Materials for Fill and Subbase.­
Granular materials for use as fill, trench backfill, subbase 
and Iiiier aggregates shall consist of sand, gravel, crushed 
stone, foundry sand, iron blast-furnace slag, re­
verberatory-furnace slag, or a combination thereof con· 
forming to the respective requirements specified herein. 
Granular material used in the construction of subbase may 
be produced from salvaged concrete provided tha·t it meets 
lhe grading requirements and conlains only negligible steel 
reinforcement. 

When Ciass II malarial is specilied, Class I material may be 
substoluted. When Class Ill malarial is speci!ied, Class I or 
Class II material may be substituted . 

t.1a!erial which may be cementitious or not suitable for 
'*"'a~cr percolat1on shall not be used. Only such quantities of 
V'a·e ~3•t•C'~s as are dctermtnad by the Engineer to have no 
t:>t· t':t!r.ous clfect will b~ perm1tted 
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Table a 02-3 Grading Requirements for Granular Materials 
SIEVE ANALYSIS tASTM C 136} 

,,_ 
TOTAL PERCEN PASSING:t Loss by 

MATERIAL Wuh-... , .. 2W' ,. . , .. ,... No. 4 No.30 No. 100 , ... 
1S<Jmm 75mm 63mm SOmm 15mm 12.5mm .4}5mm O.iiOmm D.tSOmm tASTM nn 

Onal 100 .. 45--65 """ 5-30 0-S 

Ctaun• 100 61).100 G-30 '"' 
ClalS II A' 100 60-100 .. ,. G-1ot 

Oeu Ul 100 95-100 0.15t 

I Bned on dry wo1ugn1s. 
' l•,ept tor usa on Granular Btank;ets. Clau nA granular material may b& substituted lor Class 11 granular maternal for proJects located tn the fo!lowlng 

c::ounlutS Arenac, Bay. Genesee. Gladwin, Huron, Lapeer, Macomb, M1dland, Monroe. OakLand, Sag1naW, Sanilac, Sl'uawassee, St. Cla•r, Tuscola, and 
Wa~na countoes. · 

t To bo oatarmul&d on that por1ton of the u.mple which pasMs the 1-ineh &iCY$. 

. --- - --- .. -,---~--------------------
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Dimensions ol Nipak PE 3408 High Density Polyethylene Pipe TABlE2 

Nominal Actual 
SDR 7.3 SDR 9 SDR 11 SDR 13.5 SDA 15.5 

IPS Outside 
(250 PSI)" (200 PSI)" (160 PSI)" (125 PSI)" (110 PSI)" 

Diameter Diameter Mm•mum Min• mum Mimmum Mm1mum Mmimum 
(Inches) (Inches) Wall Weight Wall Weight Wan Weight Wall Weight Wall Weight 

(Inches (lb/H) (inches) (lb/lt) (inches} (lb/lt) (Inches) (lb/ It) (Inches) (lb/M) 

2 2.375 0.326 0.908 0.264 0.757 0.216 0.63~ - - - -
3 3.500 0.480 1.970 0.389 1.645 0.318 1.37S 0.259 1.141 0.226 1.006 
4 4.500 0.616 3.251 0.500 2.718 0.409 2.27S 0.333 1.886 0.290 1.659 
5 5.563 0.762 4.972 0.618 4.153 0.506 3.47 0.412 2.884 0.359 2.539 
6 6.625 0.908 7.054 0.736 5.890 0.602 4.935 0.491 4.093 0.427 3.597 
8 8.625 1.182 11.956 0.958 9.982 0.784 8.364 0.639. 6.935 0.556 6.097 

10 10.750 1.473 16.067 1.194 15.517 0.977 12.988 0.796 10.768 0.694 9.484 
12 12.750 1.747 26.122 1.417 ·21.824 1.159 18.270 0.944 15.145 0.823 13.339 
14 14.000 1.918 31.492 1.556 26.313 1.273 22.017 1.037 18.268 0.903 16.072 
16 16.000 - - 1.778 34.364 1.455 28.760 1.185 23.864 1.032 20.992 
18 18.000 - - - - 1.636 36.382 1.333 30.192 1.161 26.568 

. 20 ' 20.000 - - - - 1.818 44.920 1,481 37.272 1.290 32.824 
22 22.000 - - - - - - 1.630 45.122 1.419 39.714 
24 24.000 - - - - - - 1.777 53.694 1.548 47.232 

Nominal Actual SDR 17 SDR 21 SDR 26 SDR 32.5 

If'S Outside (100 PSI)• (80 PSI)" . (60 PSI)" (50 PSI)" 

Diameter Diameter Minimum Minimum Minimum I Minimum 
Qnches) (Inches) Wall Weight Wall Weight Wall Weight Wall Weight 

' (Inches) (lb/ft) (Inches) (lb/ft) . (Inches) (lb/ft) ·(Inches) (lblft) 

3 3.500 0.206 0.922 0.167 0.756 - - - -
4 4.500 0.265 1.525 0.215 1.252 - - - -
5 5.563 0.327 2.327 0.265 1.906 - - - -
6 6.625 0.390 3.305 0.316 2.709 0.255 2.207 0.204 1.780 
a 8.-625 0.508 5.604 0.411 4.588 0.332 3.742 C.266 3.C•'12 

10 10.750 0.633 6.703 0.512 7.123 0.414 5.815 0.331 4.687 
12 12.750 0.750 12.231 0.606 10.032 0.491 8.180 0.393 6.600 
14 14.000 0.824 14.754 0.667 12.085 0.539 9.860 0.431 7.948 
16 16.000 0.942 19.276 0.762 15.779 0.616 12.878 0.492 10.369 
18 18.000 1.059 24.381 0.858 19.987 0.693 16.299 0.554 t3.135 
20 20.000 1.176 30.083 0.952 24.643 0.769 20.097 0.615 16.201 
22 22.000 1.294 36.412 1.048 29.840 0.846 24.320 0.677' 19.618 
24 24.000 1.412 43.343 1.143 35.504 0.923 28.946 0.738 23.330 
28 28.000 1.647 59.017 1.333 48.342 1.077 39.405 0.862 31.790 
30 30.000 1.765 66.75 1.429 54.68 1.154 44.54 .923 35.96 
32 32.000 - - 1.524 62.22 1.231 50.73 .985 40.91 
36 36.000 2.118 97.522 1.714 78.74 1.385 64.21 1.108 52.538 

.. 

•Pressure rating lor water at 73.4°F, based on 1600 psi long term hydrostatic strength. See Table 17, 
page D·2 for additional pressure ratings. 

Standard pipe lengths: 40 feet 

· Nipak high density polyethylene pipe is also available in coils in lengths up to 1,500 feet in eight diameters 
from V." CTS to 2" IPS. 3" IPS pipe is avaliable in coils up to.1000 feet long. 

Metric sizes and special sizes are available on special order. 
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Although polyethylene can be deflected considerably, practical limitations of 
circular cleaning plugs and conventions have usually limited flexible· pipe to 5% 
deflection. Table 23 provides the maximum allowable trench loads at 5% 
deflection for three different soils moduli. Earth loads for other deflection 
percentages will be in proportion to the values in Table 23; double for 10% 
deflection; half for 2.5% deflection. The 700 psi soil modulus is for 90% 
compaction. The 300 psi soil modulus is for 65% compaction. The 200 psi soil 
modulus is for loose, uncompacted fill which is uniformly placed around the 

· pipe. A comparison of these loads with the backfill load versus backfill height of 
Figure 3 will determine the maximum trench depth for a particular _diameter of 
pipe and soil modulus. With 700 psi soil modulus, the thinnest wall pipe (SDR 
32.5) may be used if earthloading is the only consideration. With 300 psi soil 
modulus, it will be necessary for diameters over 18 inch to use SDR 21 or SDR 
17 pipe or limit the trench depth. For example, an SDR 32.5 pipe of 24 inch 
diameter would- be limited to a backfill height of 16 feet. With 200 psr s.oil 
modulus, only the smallest diameter, 6 inch, can be used with the SDR 32.5 
pipe to the deepest depths. If backfill heights are limited to five feet, any 
diameter of SDR 32.5 may be used. For a ten foot limitation, SDR 32.5 could 
be used for pipe up to 10 inches; SDR 26 for pipe up to 14 inches; SDR 21 for 
pipe up to 22 inches and SDR 17 for the next larger diameter pipe. 

The deflections were calculated from the modified Spangler formula, which is 
the currently best documented and best known design thecry for the deflection 
of a cylindrical horizontal pipe under earth load. The formula is: 

y LKW' 

2E 

3 (SDR - 1 )3 + 0.061 E' 

where y = vertical deflection of pipe in inches 
L = deflection lag factor (1.50 for polyethylene) 
K =bedding constant (conservatively 0.10 though a value of .083 is 

specified by good Elackiill practices) 
- W' = earth load on pipe in pounds/linear inch (W' = W/12) 

E = modulus of elasticity for polyethylene, psi 
E'= modulus of soil reac~ion, psi 

The values of 1.50 for the deflection lag factor and 0.1 0 for the bedding 
constant come from the WPCF Manual of Practice No. 9 as do the values of the 
compacted soil moduli. The value of 200 psi is based on our search of the 
literature. If the soil is compacted to ASTM D-2321 recommended practices, the 
bedding angle would be 180' for a constant of 0.083. The long term modulus of 
elasticity of the polyethylene pipe is 30.000 psi from extensive laboratory 
testing. Since tests show that the deflection of buried polvethylene pipe stoos 
after one year, (the time necessary for soil consolidation to be completed), the 
use of the 50 year 30,000 psi modulus is very conservative. 
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Chemical Resistance of Nlpak Polyethylene Pipe 

CHEMICAL 75 f JOOF 125.F 150 f 175 F 

Acehc ac•d 60" .. ooeooou 

Acet•c aod gtaoat r-- ........ ooono•o ···--··· 
Acetone ....... ........ 
A.romahc ac•dS ohlouoo 

ACJyton•lt•le ...... u 

Ad•p•c ac.a ........ 
AHrl atcohot ....... 
Alums • 
Alum•num chlonde •onouo 

Alum.num llu011da ........ 
Alum.num sullate oonuoo 

Ammon•a .... -. .. 
Ammon•um acetate ouuno 

Ammon•um carbonate ... uuo 

Ammon•um chlondo oounoo 

Ammon•um lluo••dO ........ 
Ammon,um hyd10xide ........ 
Ammon•um n.trate oOOUUO 

Ammon•um phosphale oeooouo 

AmmonJUm sulfate oouuoo 

Ammon•um sulfide ......... 
Amyl acetate oonoooo o0600ho 

Amyl alCohol ...... u • ........ 
·Anll,ne ......... 
Ant•lreele oeauou 

AnMlOOV chloride oOUUU 

Arsen•c ac•d 

Bar•um carbonate ououu 

6at1um chiOt•do ... oaouo 

Bar.um hvdro•tde ......... 
Banum sullale •nouU 

Bartum sollido oooonu 

~ j ... h .. OG0~3 . . • J 
<;..· • • • • ,.,.,h 
~~ I I 

~---~ 

CHEMICAL 7S"F 

eauery acid 
Beer 
Be-cswa~~; 

Bentctc a.::td 
BoraM 

8011C acid 
Bnne . 
Bulane gas. 
Butanedtol 
Bulanol 

Bulvt acetate 
Bu1v1 gtvcol 
Bulyuc aod 

Cale~um carbonate 
Calcium chlorate 
Calcium chloride 
Calcium hydrOilide 
Calcium hypochlorite SOlution 

Calcium nitrate 
Calcium sullale : 
Camphor 
Carbon dtollide 

Carbon monoxide 
Carbonic acid 
Caustic potash 
Causlic soda 
Chtowacellc acid 

Chrome alum 
Chromtc actd • f--
Chromic and sulfuric acid f--
Cttnc actd 
Coal gas (benzene tree) 

Coc.onul oil 
Copper chloride 
Copper cyanide 
Copper lluonde 
Copper ntlrate 

-----·-

TABLE 24 

IOO"F 12S"F 150 f 175"F 

oounO• 

oeOOOOOO 

••u.,.uo 

........ 
uuoooo 

• ••••• u 

oouooOo ........ 
••n•n• 

...... oo. ......... 
oououo 

ooouu 

. .......... 
uuooo 

ooooeou 

ooouooo .......... 
········ ········ 

oooouoo ........ 

......... 

......... 
........ oon•••• 

········ ········ 
oonouo 

ouooooo 

········ 
ouoou• 

oUUUO 

•••neoo 

ooeooooo 

Acceptable 
Cond1110nal depend1ng on 
operatmg preSsUieS 

~ 
~, 
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CHEMICAl 

Comod 
Cononseed oil 
Creosote 
Cresol 
Cyclohexana 

Cyclohexaool 
Cyclohel(anone 

Dec a lin 
Detergents. synthaUC 
oe .... elopers. photographic 
Dextrin 
De.drose 

D•bulyl ether 
D•butyl phthalate 
D•chloroacetic acid 
D•esel o•l 
D•ethylether 

O•ethylene glycol 
D1oxana 

Emuls•ons. photographic 
Esters. aliphatic 
Ethanol 
Ether 
Ethyl acetate 

Ethylene glycol 

Fertic chloride 
Ferric nitrate 
Fenic sulfate 
Ferrous chloride 
Ferrous sullale 

F1lm solutions 
Fluoboric acid 

. 
fluosllicic acid 
Formaldehyde 
Formic acid 

c-~·: .. ::::1 

75'F tOO'F 125'F ISO"F 

........ 

........ 

........ 

r-- ······· ........ ........ ........ 
....... ........ ........ 

- ....... ········ 

········ ........ 
r-- •uoouo ........ 

........ ......... 

~-

..,_,_....,\ ____ ., ___ , ....... 
~-

175"F CHEMICAL 

Fruit juices ........ Fuel oil 

········ ........ Gasoline ........ Gelatin 
Glur:ose ........ Glycetine 
GlycCll 

Heptane ........ Hexane ........ Hexanol ........ Hydrobromic acid ........ Hydrocyanic ac~ 

Hydrochloric acid 
Hydtolluoric·acid AO'It, 
Hyd;olluoric acid ~4 
Hydrogen 
Hydrogen peroxide 30% 
Hydrogen peroxide 90% ........ Hydrogen sullide ........ Hypochlorous acid 

........ Iodine (alcohol solution) 
Isopropanol ........ Isopropyl elher 

laclic acid 
lead acetate ........ linseed oil 

....... 
Magnesium carbonate ........ Magnesium chloride ........ Magnesium hydroxide ........ Magnesium nitrate ........ Magnesium sulfala 

........ Maleic acid 
oouoo .. Menthol 
••noo•• Mercuric chloride 
oOOUOU Mercuric cyanide ........ Mercurous nitrate 

.. 

TABLE 24 continued 

75 F tOO F 125 F 150"F t75F 

.. ...... 
1-- . ....... ....... 

oou•••• ....... 
. ........ 
········ ········ . ........ 

. ....... ....... 

. ....... ....... 
. ....... . ...... .. ..... 
.. ..... 
ooouo• 

. ....... ........ 
........ ....... ....... ........ 

- ........ ........ - ........ ........ 
- ........ ........ 

. ....... ......... .. ...... 
········ ......... 
. ....... 
.w ........ 
. ......... 
. ........ 

.. ...... 
............ ......... 
.. ...... 

....... ~----~--. 
Acceptable 
Conrl.tinn'll depAMin..­

opc --·· '" PfUS$c.... ·-
__) 
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CHEMICAL 

Mercury 
Methanot 
M<lk 
Monera! oil 
Mota::.ses 

Naphtha 
Naphthalene 

Noc:kel chlonde 
N•ckel n•ltate 
N•cket sulfate 

N•tllc ac•d 0-3()0. 
N,,,., ac•d 30·5()6-e 
N•tflc ac.d 50.7~. 
N•t•ot>enzcne 
Nollototuene 

O•ls and fats 
Oleoc ac•d 

Or1hophosphotw; acid ~-
Orthophospholic acid es~ 

Oxalic ac•d 
O•ygen 
Ozone 

Parall•n oil 
Perchtouc add 20"11. 
PerchiOIIC add ~ 

Petchlonc acid 70"4 
Petroleum 

Petroleum ether 

Phenol 
Phosphates 
PhosphOric aCid 

Phosph01ous oxychioride 

Phosphorus pentoJtide 
Pno5phorus lrtchlortdo 

PhotographtC solutions 

Phthalic acid 
P•cr~c actd 

- - --

7S'F 100'f 125°F 150'f 

•nu••• 

........ 

....... • uuooo ....... ........ 

oooou•• 

. ....... ........ 
1-- ········ ........ ....... 

••• u ... .......... 

......... 

•onuu 

········ 
....... u 

oouuu ........ 
....... 

••••eo•• ....... 

,,,.ouu 

........ 

•ouooso 

£C ::::::?L::J 

...__ 

L 
/------, 

175°F 

oeen••• 

......... 
u..-.... 

....... 
oouuu 

ououu 

........... 

............ 

......... 

uuuu .......... 
............. 

ouans• 

oueu .. 

•oauu• 

--

CHEMICAL 

Potash 
Potassium bOrate 

Potassium bromate 

P.:~tassium bromide 

Potassium carbonate 

Potasstum chlorate 

Potassium chloride 

Potass•um chromate 

Potassium cyanide 

Potassium dichromate 

Potassium lemcyanide 

Potass•wn leuocyanide 

Pota~s:um lluoride 

Potasstum hydrOJude 

Potassium hypochlorite 

Potassium nitrate 

Potassium perborate 

Potasstum perchtorale 

Potassium permanganate, 20%. 
Potassium persuUate 

PotaSsium sullate 

Potassium sulfide 

Propyl alcohol 

Propylene glycol 

Prussic ac1d 

Salicylic acid 

Sea water 
Selentc add 
Slltcic acid 
Silicone oil 

Silver acetate 

Silver cyanide 

Silver mtrate 
Soap solutions 

Sodium acetate 

Sodium benzoate 

Sodium btcarbonate 

Sodium bisuUate 

Sodium bisulfite 
Sodium borate 

TABlE 24 continued 

75"F I100'F I125"F I 150'F I175"F 

I I I l ..... ..l. ...... . 

Acceptable 

.................. Conditional depending on 

operating pressures 
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CHEMICAL 

Sodium bromide 
Sod1um carbonale · 
SOOIUffi chlorale 
SOdium chloride 
Sodium chlonle s~r. 

Sodium cyanide 
Sodium ferricyanide 
Sod1um fcrrocyamde 
Sod•um lluonde 
Sodium hyd10xide 

Sod1um hypochlorile 
Sod•um nitrale 
Sod•um nilrite 
Sod1um sulfate 
Sodium sulfide 

Sodium thiosullale 
Slannic chloride 
Stannous chlocide 
Slarch 
Slearic acid 

Sullur dioxide 
Sultunc acid 50"4 
Sulfuric acid 70% 
Sullwic acid 80'% 
Sulluric ac•d 98"4 

Sulfurous acid 
Tann•c aod 
Tarlar•c acid 
Translormer oil 
Tuchloroacellc acid 

Turpentine 
Urea 
Unne 
Vmegar 
W1nes 

Yeast 
Z•nc carbonate 
llt\c chiOf'ide 
Zmc oxKie 
z,nc sullale 

--·· 

.. _ ...... - ···--~ . -·. 

'"':'' 

TABLE 24 continued 

7H 100'F 125'-F 150'F 

• 

........ ........ ....... ........ . ...... 

....... ....... 
....... ........ 

- . 

----- Acceptable 
onal-

175°F 

........ ........ ........ ........ ........ 

........ 

........ ......... ........ ........ 

........ ........ ......... 

......... 

........ ........ ........ 

......... ........ , 

......... ........ 

......... 
' ......... ........ 

........ 
......... ........... 
........ ......... ......... ........ 
··~··· .. , 

lingo· \. 

TABLE25 
NON Conveyable Chemicals In Polyethylene Pipe 

Aqua Regia 
Bromine, gas 
Bromine, liquid 
Carbon disulfide 
Carbon tetrachloride 
Chlorine, gas 
Chloroform 
Fluorine 
Nitric acid, above 70% cone. 
Ozone 
Sulfuric acid, fuming 
Sulfur trioxide 
Thyonll chloride 
Toluene · 
Trichloroethylene 
Xylene 

J 
j 



I ' ....__ 

.· .... ~· ... 

FERRIC NITRATE 
FERRIC SULFATE 
FERROUS CHLORIDE 
fERROUS SULFATE 
HUOBORIC ACID 
HUOSILICIC ACID . 
FORMALDEHYDE. 40% 
FORI,lfC ACID 
FREON 12 IWET) 
FUEL OILS' 
FURFURAL 
GASOliNE 
GLYCERINE IGLYCEROLl 
HEPTANE 
HEXANE 
HYDROSROmC ACID, 2011 

. HYOROCHLO RIC ACID, 0·25% 

llYOROCHLDRIC ACID, 25-37% 

HYDROCYANIC ACID 
HYDROFLUORIC ACID, 10% 

·HYDROFLUORIC ACID, 30i> 

. HYDROFLUORIC ACID, GO% 

HYOROFLUOSILICIC ACID, 20% 

HYDROGEN PEROXIDE, 30% 

: HYDROGEN PEROXIDE, 50~ 
HYDROGEN PEHOXIOE, 90% 

HYDROGEN SULfiOE,AO.SOL. 

'OOINE liN ALCOHOL) 
•• ERDSENE • 
ICE1DNES 
LACQUER THINNERS 

: LACTIC ACI 0 
lEAD ACETATE 
LUBRICATING OIL 

· liAGNESIUM CHLORIDE 
MAGNESIUM NITRATE 
liAGNESIUM SULFATE 

. MALEIC ACIO 
• METHYl ALCOHOl 
· METHYl CHLORIDE 
· METHYLETHYLKETO~E 

METHYL ISOBUTYL KETONE . 

METHYLENE CHLORIDE 
NAPTHA 
NAPTHALENE 
NICKEl CHLORIDE 
NICKEL SULFATE 
NITRIC ACID, 10% 
NITRIC ACID, 20~\ 
NITRIC ACID, 50~\ 
NITRIC ACID, /INHYOROUS 

NITRO BENZENE 
OilS AND FATS 
DLEIX AClO 
OlEUM, 25~\ 
OXALIC ACIO 
PHENO~ 

A A A 
A A A 

A A A 
A A A 
A A X 
A A 0 
s a A 
c c c 
c c 8 
A A X 
E E X 
C C B 
A A A 
A A 8 

c c c 
A A 8 

A A A 
A A A 
A A X 
C C X 

C C X 
0 0 X 

A A 0 

A A C 

C C X 

E E X 

C C A 
E E X 
B 8 A 

E E X 
0 0 X 
II S A 
A A A 
C C X 

A A A 
A A A 
A A A 
A A B 
C C X 

E E X 

e e. c 
e e s 
E E X 
II 8 A 

E E 8 
A A A 
A A A 
A A X 
A A X 
A A )( 
E E X 
E E X. 
A A X 
A A A 
E e e 
A A A 

c: c· o 

.. -. 
A 
A 
A 

A 
A 
.\ 
A 
A 
A 
c 
e 
E 
A 

c 
c 
A 
A 
A 
A 

A 
a 
• 
A 
A 

X 
X 
A 
c 
c 
E 
c 
A 
A 

c 
A 
A 
A 
A 
A 
E 
c 
c 
e 
c 
c 
A 
A 

A 
A 
c 
E 
c 
A 
c 
X 
A 
e .. 

APPLICJ\TIO~l GUIDE 

A 
A 
A 
A 

a 
B 
A 
A 

A. 
A 
E 
E 
X 
E 
X 
A 
A 

A 
A 
A 

0 
e 
B 
X 
X 
X 
A 
0 
X 
e 
e 
A 
A 

X 
A 
A 
A 
A 
A 

E 
e 
E 
E 
X 
X 
A 

A 
A 

e 
e 
E 
E 
X 
A 
e 
A 
£ 

A 

A 

A 
A 
a 
a 
A 

E 
X 
X 

X 
E 
A 
X 
X 
X 
A 

A 
A 
A 

0 
0 
8 
A 
X 
X 
A 
X 
A 

e. 
e· 
0 
A 
A 
A 

A 
A 

X. 
X 
E 
E 
E 
E 
e 
X 
A. 

A 
0 
E 

·E 
e 
E 
X 
X 
E 
0 
A 

A A 8 

A A A 
A A E 

A A 0 

A A B 

A A a 
A A A 
A A S 

X A E 
0 A A 

A A B 

A A A 

A ·A A 
A A A 
A A A 
A A E 

A A E 
A A E 

A A A 
A A C 
A ·A C 

A A C 
A A 8 

A A 8 

A A 8 

c A a 
A A a 
A A B 
A A A 
C A A 
X A A 
a A a 
A A A 
A .~ A 

A A a 
A A A 
A A A 
A A 8 

A A A 
A A A 
E A A 
B A A 
0 A A 

A A A 
A A A 
A A a 
A A il 
A A B 

A A B 
A A 8 

0 A B 

a A 8 

lC A A 

A A B 
E A X 
A A C 

A A B. 

-· 
A 8 A 
A A A 

e a " 
B A A 
A A E 
a a e 
A A A 
A A A 
X X X 
A A A 
A A X 
A A E 
A A A 
A A X 
A A X 
E A A 
E B-C 0 

E B.C 0 

A A X 

c a e 
c s e 
C B E 

8 B E 
A A S 

A A X 
A A X 
A A A 
8 A E 

A A A 
A A A 
A A A 
A B A 
A A A 
A A A 
A A A 
A A A 
A A A 
A A A 
A A A 
A A A 
A A A 
A A A 
A A A 
.A A A 

A A A 
B A A 

A 8 A 

A A A 
A A A 
A A A 
A a A 

A B A 

A A A 
B B." X 

X. A X 
B 8 C 

B A A 

A A 
A. A 

A A 
A A 
E A 
e a 
A A 
A A 
A 0 
A A 
A E 
A E 
A A 
A 0 
A A 
c 0 
C A 
C A 
c lC 

e A 
E A 
e e 

·E A 
X 0 
X 0 
X E 
X A 
A e 
A e 
A E 
A E 
A A 
A e 
A e 
'A A 

A A 
A A 
A X 
A A 
·A E 
A e 
A e 
A E 
A E 
A e 
A A 
A A 
A ~ 
A e 
A· £ 
A e 
A E 
A A 
A 0 
A E 
A X 
A E 

B 
B 
X 
X 
X 
A 
8 
e 
B 

8 
E 
e 
B 
A 
X 
e 
X 
X 

B 
X 
X 

X 
A 
e 
E 
E 
E 
e 
8 
e 
E 
X 
X 
A 
A 
A 
A 

X 
B 
E 
E 
E 
e 
0 
E 
B 
0 
E 
e 
E 
E 
E 
A 
A 

e 
X 
E 

SYMBOL IDENTIFICATION 
A- Exeellent 
B- Good 

D - Moderate effect 
(use under limited conditions) 

E -Not re<:ommendcd c- Good to ao•F 
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9 8 
a a 
s a 
a e 
a x 
X 8 

B E 
B E 
e A 
B B 
X E 
E A 
B B 
s e 
e s 
A A 
A B 
A A 
X A 
A A 
A A 
0 A 
X B 
A A 
A A 
0 A 
B B 
e A 
E A 
e e 
X X 
8 B 
e A 
D A 
A A 
A A 
A A 
A A 
B 0 
e A 
e e 
e e 
e o 
E A 
e o 
8 8 
8 B 
A A 
A A 
E A 
E B 

E E 
X A 
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product description 
Reducer /Cleaner: XYLOL R2 K 4 

( .'"Lift: 36 months (unopened) 
. .:U&In& (wel&frt/pl.): 1 & S gal. containers; 

12.51±.llbs./gal. 
Slllppln& Weicht: 1 gal. -13.3 ± .1 lbs.; 5 gal.-
66.2±.llbs. 

AJW.TSIS: 
l'i&J11ent by weight: 41.4% 

Red Lead ............. ...... ....... 19.4% 
Natural Iron Oxide • • . . • . . . . • . • . • . . • . 6.9% 
Calcium Carbonate . . . . . . . . . . . . • . • . • 2.1% 
Silicates . . . • . • . • • • • . . . . . . . . • • • • • • 13.0% 
Tinting Pi&J11ent Present 

Vehicle by wei&ht: 58.6% 
Chlorinated Rubber . . . . . . . . . . . . • • • . . 11.7% 
Aromatic Solvent . . • . . . . . • . . . . • . . • • . 31.8'I. 
Chlorinated Waxes . . • • . . . • • . • . • . • . • • 9.9'I. 
Aliphatic Solvent. . . . • . . . . . • • • • • • . • • 3.7% 
Other...... . ...... .. . . ... . ....... 1.5% 

TOTAl . •... .... .... ...••••••• • . ..• . 100.0'I. 

UmttaUons: HI·BILD Chlorinated Rubber Primer is 
not resistant to most solvents, animal and 
ve&etable oil and fats common in dairies, packing 
houses and sewage treatment facilities. 

PRECAUTIOMS: FlAMMABLE, VAPOR HARMFUL CON· 
TAINS LEAD. 

Surface Preparation and Primin&: All surfaces 
mustbe dry and free of oil, grease, dirt, rust or other 

. ···rface contamination. 
\ .ranized Iron and Aluminum: Not applicable-

see Data Page E·14. 
Masonry: Not applicable-see Data.Page E·l4. 
Steel/ Iron: Minimum surface preparation is Power 
Tool Cleaning per SSPC·SP 3-63. For severe exposure 
or immersion service, blast steel to White Metal 
Blast per SSPC·SP 5·63. Prime with HI·BILD Chlori· . 
nated Rubber Primer the same day and follow with 
the recommende<l number of topcoats. 
Preriously Painted SUrlaces: (Not for Immersion) 
HI·BILD Chlorinated Rubber Primer is not recom· 
mended for application over other prime coats or 
enamels unless they are dried and hardened. If lift· 
ing occurs (test a small area), the old paint must be 
removed or apply a coat of KEM KROMIK~ Metal 
Primer, BSO N 2 or BSO W 1 as a barrier coat. 
AppllcaUon: Apply HI·BILD Chlorinated Rubber 
Primer directly to all properly prepared iron and steel 
surfaces. · 
MIJin& and Application: Mix paint thoroughly by 
boxing and stirring. May be applied by conventional 
or air1ess spray. Brush application should be limited 
to small areas. Be sure to coat thorou,nly all welds, 
comers, etc. Apply at temperatures ab<iJe 40"F. and 
relative humidity of less than 85%. Substrate tern· 
peratures must be S"F. above dew point. 
Equipment 
Bnlsh (small areas only): 
Reduce with up to 1 pint XYLOL per gallon if netes· 

l y, 
~.,nventlonal Spray: 

28 

Air Supply . . . ..... .. .• . .•.. . 80 psi at nozzle, 
fluid pressure 15 psi 

Qun ........ . .••........ . DeVilbiss JGA 502 
Cap ..... ............ ... •.. . 704 Cap, E Tip 

CONTINUED 

ReducU011 .... . .. Up to 1 pt./ gal. XYLOL, R2 K • 
Alrltss Spray: 

Pump (Minimum) . .....•... SHERWIN·WIWAMS 
Super Stin ger4' 

Fltid Pressure ...... •... .•....•. .. 2000 psi 
Stralaer ....•.. . •.... . ...• •... ... 60 mesh 
np ....................... ........ .. o1s 
Reduction .......•... . .. •• If necessary up to 

1 pt./ gal XYLOL, R2 K 4 
Cleanup Information: Clean equipment with XYLOL, 
R2 K 4 following suppliers safety recommendations. 

HI-Mil SHER-TAR111 EPOXY ENAMEl 

PRODUCT DESCRIPTION 

Part A, 869 B 40 
Part B, 860 Y 40 

A one coat, high build polyamide cured coal tar 
epoxy enamel. 
Use$: 
• Heavy duty structural protection. 
• Nonpotable water tank and pipe coating 
• Uner for sewage treatment tanks and equ ipment 
• Use one coat where 2 coats of standard coal tar 

are normally specified 
• Concrete and steel structu~es. No primer or top· 

Goat required 
• Protection against splash and spillage of a wide 

variety of chemicals 
• Hi-Mil Sher·Tar is recommended for: 

penstDcks . dam gates 
• sewage treatment underifOOnd tanks 

equipment plating operations 
offshore rigs paper mills 
canal linings salt and fresh water 
chemical plants crude oil storage 
tidal and splash 

zones 

Performance Information: 
Physical Properties: 
• Abrasion resistance ................. 483 mg. 

!ASTM D4060. CS17 Wheel, 1000 cycles. 1 kg. 
Taber Abraser) 

• Flexibility . .. .. . .... ... ....... ..... . passes 
!ASTM D1737, 180" bend, W mandrel) 

• Pencil Hardness .. .................... >8H 
!ASTM 03363) 

• Elcometer adhesion ... . ... . . : ...... > 350 psi 
• Dry Heat Resistance . ...... . ...... .. .. 325"F. 

!ASTM D2485) 
• Wet Heat Resistance ........... .. . .... 140"F. 
• Direct impact . ..... . .... .. ..... >80 in. lbs. 

(ASTM Gl4l 
• Moisture condensation resistance. 100"F., 1000 

hours .. . . .. ... . . ... . . . .. .. .. .... No failure 
!ASTM 01735) 

• Salt Fog resistance, 1000 hours ....... Excellent 
!ASTM Bll7l 

• Thermal shock, 250 cycles ....... . ... Excellent 
!ASTM Dl2lll 

• Meets performance requirements of OOD·P· 
23236A. (Replaces MIL.P·23236l Type 1, Class 2 

Chemical Resist2nce Guide (ANSI 115.12): Consult 
your Sherwin·Williams representative for specific 
application and performance recommendations. 
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Immersion Resistance: ., 
• Aliphatic hydrocarbon solvents, gasoline, ker J 

sene, fuel oil, sour crude oil · ~ 
• Lubricating oils, cutting oil, animal and vegetable 

oils and fats 
• Alkalies 
• Fresh water and sea water 
Rl$lstanca to Fumes, Splash and Spllla&e: 
• Weak solutions of mineral and organic acids: 

SEVERE 
• Aromatic hydrocarbon solvents: MODERATE 
• Glycol ethers, alcohols, selected hy«ocarbon sol· 

vents, formaldehyde: SEVERE 

CHARACTDIISTICS 
Finish: Semi~loss 
Color: Black 
Spreadln& Ra11: 55 sq. ft. per gal. 

(tfleoretlcal-no loss•): @ 28 mils wet 
*Allow for application losses and surface irregulari· 
ties when determining worlling requirements. 

Recommended: 28 mils wet/coat 
Film Thickness (spray): 20 mils dry/coat 

Spreadin& Rate Cove rap@ 1.0 mil dry (tfleo­
retical, calculated): 1140 sq. ft. per &al. . 
Volume Solids: 71%±2% 
Wei&frt Solids: 80% ±2° 
Application Conditions: Temperature (air surface, 
material): 55"F. minimum, 100"F. maxirn.~m. 

Relative Humidity: 90% maximum 
Substrate Temperature: 5"F. above dew point 

Dryina: Schedule (temperature dependent) @ 77 • 
r. 50% RH @ 28 mils wet: To Touch: 8-10 hours. To 
Handle: 48 hours. To Recoat: 18 hours min. 
Requires minimum 7-10 days cure before placing in 
service. 
Pot Ute: @ 70°F.: 4 hours .• @ 100°F.: 1 hour 
Curina: Mechanism: Crosslink polymerization 
Flash Point (catalyzed), Pensky-Mart!ns closed 
cup): ll0°F. 
Reducer I Cleaner: Reducer 154, R7 K 54 
Shelf Ufe: Minimum 12 months (unopened) 
P1ekatlna:: 

Part A: 3 gal. per 5 gal. pail 
Part 8: 1 gal. can. 

Wei&frt/ Gal. (catalyzed): 10.4±.llbs./gal. 
Shippin& Wei&frt: 46.5 lbs./4 gal. 
Application: Conventional and airtess spray 

AJW.YSIS (MIXED): 
Pigment by weight: 24% 

Silicates .. .. .. . .. .. . .. .. . .. .. .. .. .. 21% 
Silica........ . ... . .......... ...... 3% 

Vehicle by weight: 76% 
Polyamide Resin . . . . . . . . . . . . . . . . . . . . . 11% 
Epoxy Resin .. . .. . .. .. .. .. .. . .. .. .. . 14% 
Coal Tar ........ : . ........ . . . ... . . . 27% 
l.!cithin . . . . . . . • . . . • . . . . . . . . . . . . . . . . 2' 
Aromatjc Hydrocarbon . .. ............. 19\ \ 
Alcohols . . • • . . . . . . • . . . . . . . . . . . . . . . . 3 'I. 

Totals . •.•.... . ..• .... . . .. . ...... ... 100% 

PRECAUTIOifS: 869840, COMBUSTIBLE 
860V40, COMBUSTIBLE-VAPOR HARMFUL 
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D-6f Run-On Control Systems 40 CFR 270.21 (b) (2) 

The Facility Standard stat~that to minimize leachate 
generation: 

"The owner or operator must design, construct, 
operate, and maintain a run-on control system 
capable of preventing flow onto the active portion 
of the landfill during peak discharge from at 
least a 25 year storm." 

D-6f (1} Calculation of Peak Flow 

1. Description of Hydrologic method used to estimate peak 
flow rates. 

This will be done using methods as outlined in reference 
section 2.4.3 par (1) (a) and (b). 

2. Data and Input parameters. 

- Soil classification determined from available soil 
boring data. 

- Runoff areas and slopes determined from available 
topographic maps. 

- Type of ground cover determined from field observation. 
- On-site drainage data taken from present landfill plans •• 

3. Determine Peak Flow Rate 25 yr. storm 

Using US WeatAer Bureau Technical Paper No. 40-25 yr. 24 
hr. rainfall is 4.0 inches for this area. 
Using US Soil Conservation Service Engineering Handbook 
procedure: 

Ditch Along Existing Haul Road 

-.Type "B" Soil 
- Slopes-Moderate {3-8%) 
- Most off site area waul d be classed as "cultivated" 
- From the above a runoff curve number (CN) of 80 would be 

conservative 
- Drainage area tributary to the most downstream ditch point 

at NW corner of Cell II = 26 ac. 
- Using Exhibit 2-8 sheet 12 of 21 

Peak Discharge = 30 c.f.s. 
- Using Exhibit 2-7 

Runoff Depth = 2.04 inches. 
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Typical Secondary Ditch Drainage Calculation (along 
N & S sides of Cell II) 

- Type "B" Soil 
- Slopes moderate (3-8%) 
- Surface Character-cultivated 
- Use Runoff Curve (CN) of 80 
- Drainage area tributary to the largest of these secondary 

ditches = 4.4 a~. 
- Us:! ng Ex hi bi t-c;!:-Jh~!l~t 12 of 21 

Peak Discharge = 11 i:fs. · 
- Using Exhibit 2-7 

Runoff Depth = 2.04 inches 

D-6f (2) Design and Performance 

The basic Run-On control facility is the drainage ditcnes 
that run along the north west and south sides of Cell II. 
As the cell is prepared for operation, a clay dyke is constructed 
around the cell, through the upper sand formation and extending 
5 to 7 ft. above normal ground surface. This dyke will prevent 
run-on from entering Cell II from areas outside the.cell. 

The drainage ditches will be checked for adequate size and 
capacity. 

Ditch Along Existing Haul Road 

bottom width = 3 ft. 
sides slopes 1:2 
ditch bottom slope 0.24% 
"N" factor = 0.03 
design Q = 30 c.f.s. 
Formulas A = !L 

v 

A= 

c = 
sd2 + wd 

1.49 (d) l/S 
N 

R = A 
wp 

V = c RS 

A= 30 c.f.s. 10 9 ft 
2 75 f 

= • sq. • • .p.s. 

10.9 sq. ft. = 2 d2 + 3d 

c = 1.49 ~ 
0.03 (l.?, ~ 

R = 10.9 
TO:O = 1.03 

d= 1.7 ft. 

c= 54.3 

V = 54.3\/1.03 x .0024 = 2.70 fps (OK) 



c 

Since ditch bottom is 6 ft. below top of dyke, there is no problem 
with this ditch handling ru~on with no overflow into active areas. 

Minimum freeboard = 6.0' - 1.7' = 4.3 ft. 

Secondary ditches 

Bottom width = 1 ft. 
Side slope 1;3 
Ditch bottom slope = 0.3% 
"N" factor ~ 0.03 
Design Q = 11 cfs. 
Same formulas as Major ditch 

A = 11 cfs. = 5.5 sq. ft. 
2.0 fps. 

5.5 sq. ft. = 3 d2 + 1 d 

c = 1.49 f(l§l) o:r- (1.2 .167 

R = 5.5 
8.7 = 0.63 

d = 1.2 ft. 

c = 51.2 

V = 51.2v/0.63 x .003 = 2.2 f.p.s. (OK) 

Since the secondary ditches are all 5 ft. deep.and the point 
anali.zed is the worst point for volume of runoff to be handled, 
therefore, there will be no problem with these ditches handling 
run-'on with no overflow into active areas. 

Minimum freeboard = 5.0' - 1.2 = 3.8 ft. 

Structural Design 

All Run-on control conveyances are in the form of open ditches 
constructed of available on-site CL or CH classification clay 
soil material. This material has been· used on-site for dyke con­
struction and cover material for several years, and has proven 
to be structurally stable, and easily compacted to specification 
densities. Ditch velocities for the various design conditions 
are very low and non-erosive. Very generous freeboard depths are 
also available in all ditches. 
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D-6f (3) 

D-6f (4) 

,, 

Construction 

The ditch along the west side of Cell II adjacent 
to the existing haul road is already existing. 

The next step in the major ditch procedure is the 
excavation of the sand formation and construction of the 
clay cut off walls extending from the existing clay 
formation up to plan grades. This cut off wall forms 
one side of the ultimate ditch section, and provides an 
engineered, clay barrier between the ditch and Cell II, 
preventing both surface overflow and underground, intrusion 
into the cell. , 

These two type of ditches, in combination, protect the 
entire perimeter of the Cell from Run-on from adjacent land 
areas. The ditch capacities and freeboard calculations 
are set forth above. 

Maintenance 

The generally low velocities and rates of flow, combined 
with substantial excess available capacity substantially 
reduce any expected need for repair, and also reduce the 
possibility that a failure could result in run-on entering 
the active areas. 

. 
However, all ditches will be inspected on a regular basis, 

not exceeding 3 month intervals, and any potential failure 
areas repaired as appropriate. Active landfill areas that 
are still below ground will be inspected on a weekly basis 
or after each storm event to see that no,failures in the 
drainage system have occurred. 
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D-6g Run-Off Control System 40 CFR 270.2l(b)(3) 

The Facility Standard states that to minimize hazards 
from run-off of contaminated 'liquid: 

"The owner or operator must design, construct, 
operate, _and maintain a run-off management 
system to collection and control at least the 
water volume resulting from a 24-hour, 25-year 
storm." 

D-6g(1) Calculation of Peak Flow 

We are concerned here about the portion of the landfill 
that is in a technically "active" stage at any one time.· 
This is understood to.mean all areas where waste has 
been placed, that have not yet received completed final 
cover. 

This can be broken down into basic situations: 

1. Fill surface below normal ground 

2. Fill surface above normal ground 

The general design concept to be used, will consist of 
containing as much of the direct active area run-off as 
possible, in or on the cell, while minimizing the amount 
of this runoff that is allowed to enter the stored waste. 
After collection and containment, and after the·storm 
event is over, the runoff will be removed for physical 
evaluation, and possible treatment prior to discharge. 
Method of discharge will be determined by the end 
quality of the runoff. 

• 
Runoff Calculation Assumptions: 

Formulas and assumptions are the same as used in the 
Run-on computation: 

- Type "B" Soil 
-"Moderate slopes (3-8%) 
- Surface character "cultivated" 
- Use Runoff curve (CN) of 80 

Active Area Assumptions: 

It is believed reasonable to assume that the maximum 
"active" area at any given time will not exceed the 
equivalent of half the overall cell area. This means 
that at least half of the overall cell area of 7.65 
acres would either be unfilled or have intermediate or 
final cover over it at any given point in time. 
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D-6g Run-Off Control System 40 CFR 270.2l(b)(3) (Cont'd) 

The exposed 3.8 acre waste area can be expected to be either 
above or below ground at any given point in time. It is 
also assumed that the below ground area is half exposed 
waste, with the other half being unfilled cell. This then 
results in typical design analysis area increments of 
1.9 acres at the cell bottom, and 3.8 acres in the above 
ground condition. 

Peak Runoff Calculation 

Under assumptions above, the "active" area was broken into 
1.8 acre and 3.6 acre increments for analysis. Runoff 
volume in a 25 year 24 hour storm as taken from US Soil 
Conversation Service Engineering Manual exhibit 2-7 is 
2.04 inches of runoff depth for a CN of 80. 

Runoff Volume = 1.8 ac. x 43,560 x 2.04 = 13,330 cu.ft. 
1'2 

Runoff Volume = 3.6 ac. x 43,560 x 2.04 = 26,660 cu. ft. 
1'2 

This is the volume of tunoff in the design storm condition; 
lesser storms than 25 yr. frequency will generate less runoff. 

D-6g(2) Design and Performance 

The 1.9 acres in unfilled cell bottom area has its runoff 
provided for through isolation from the portion containing 
waste by a series of cross dykes in the cell. The runoff 
in the "clean" end of the cell is collected in tlie low end 
of the cell and pumped out to the natural drainage system. 

The area of exposed waste which is below ground, will not 
have any separate, dedicated runoff collection system. 
Several potential temporary means were considered, but 
discarded due to practical difficulties in maintaining them 
during the waste placement operation. What is proposed for 
this stage of landfill operation is to allow the runoff 
falling directly on the active work area to infiltrate into 
the waste and be pumped out of either the temporary leachate 
sumps on the waste side of the bottom cross dykes, or when 
the bottom is filled, to be pumped out of the permanent 
leachate collection manhole. It is felt that this is a more 
practical way of handling runoff during this stage of the 
landfill operation, and will result in some buffering of. 
leachate volumes to be handled. While this may result in 
higher contaminent levels in the leachate, it is felt that 
this material must be handled as leachate anyway. Emphasis 
will be placed on keeping the exposed waste working face as 
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D-6g 

C-

D-6g(3) 

D-6g(4) 

Run-Off Control System 40 CFR 270.2l(b)(3) (Cont'd) 

small as possible, getting above ground as soon as possible, 
and placing intermediate or final cover as soon as possible. 
All of·these will tend to reduce the leachate generate while 
the landfill is in a below ground condition. It is recognized 
that this is the most critical period for control of leachate, 
and it is our opinion that time of exposure reduction is the 
most effective way to manage leachate generation at this stage. 

The exposed area of 3.8 acres in which filling is complete and 
the fabric liner placed, but which has not yet received. final 
clay cover, is the next most cirtical runoff collection area. 
In this case, final cover will be placed from the high area 
toward the low area of the cell, with the low area behind the 
Cell I final cover, and on top of the fabric cover liner to be 
used for collection and temporary storage of runoff. The size 
of this required system will be calculated. The final cover 
drain pipes will have been installed through Cell I above the 
fabric liner; they would have to be temporarily plugged. 

This 3.8 acre area is approximately 300 ft. wide along the west 
side of Cell I.· Assuming the surface slope matches the final 
cover grade of 3.5%, then the required depth of runoff water 
at the downslope end to store 26,660 cu.ft. would be 2.4 ft. 
This is significantly less than the available 4.0 ft. 

The area in which final cover is almost complete, represents the 
least critical runoff area, since runoff from this area has very 
little chance of being contaminated and the end cover protection 
system is almost in place. In principal this can be handled in 
similar fashion as above, but as final cover is completed at the 
low end of the cover (next to Cell I) then the runoff call ection 
system would be phased out. Any water seeping through the clay 
cap will be collected on the fabric top liner and directed to the 
perforated pipe drainage system along the downstream slope of 
Cell II. 

Construction 
Most of the construction elements outlined above are part of 
the normal required construction of the landfill, and are 
covered elsewhere in this report, or in the accompanying plans. 

Maintenance 
Since most construction elements are part of normal landfill 

. construction, their maintenance is part of that activity as well. 
Temporary cross berms will be inspected weekly or after each 
storm event to check for weak or failed areas, which if found 
will be repaired as soon as weather permits. Temporary surface 
containment berms will be inspected on the same schedule. Drain 
pipes will be checked on the same schedule to see that no failure, 
silting in, or other blockage has occurred. 

Runoff will be promptly pumped out after each storm event, tested if 
necessary and appropriately discharged as previously provided for. 
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D-6h Management of Collection and Holding Units 40CFR 270.21 (b) (4) 

The Facility Standard states that: 

"Collection and holding facilities (e.g., tanks or 
basins) associated with run-on and run-off control systems 
must be emptied or otherwise managed expeditiously after 
storms to maintain design capacity of the system." 

The only collection and holding facility proposed, is for contain­
ment of clean runoff in the trench bottom .beyond the active face temporary 
berm, and containment of surface runoff until final cover is completed. 
Both of these facilities will be pumped dry immediately after each storm 
event. If there is any question of contamination of any of this runoff, 
it shall be tested to determine if any treatment is required prior to 
discharge. 

Runoff that is allowed to pass through the active area wi 11 be 
removed from the leachate sump or leachate coll"ection manhole for evaluation 
and possible treatment·prior to discharge to the municipal sanitary sewer 
system. All non-contaminated runoff will be discharged to the natural 
drainage course. All contaminated runoff will be handled as leachate 
and processed through the leachate holding tank. with ultimate discharge 
to Wayne County's public sanitary sewer manhole #23A. 
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Ford Allen Park Clay Mine 
( 

Section E Groundwater Monitoring 

E-l Exemption From Groundwater Protection Requirements 4o CFR 270.l4(c), 
4o CFR 264. 90(b) 

A waiver from the Subpart F groundwater monitoring requirements is 

requested. Specifically, the requested exemption includes all 

sampling of the artesian aquifer immediately below the in-situ 

saturated clay liner. Annual static water elevations will be taken 

for the operating life of the facility to verify the artesian aquifer 

conditions • 

E-la through e Not Applicable. 

( 
'· 

E-ld No Migration 4o CFR 264.90(b)(4) 

Refer to Attachment 15 for the demonstration to waive certain ground-

water monitoring requirements as provided for under 4o CFR 264.9G(b)(4) 

of the RCRA rules, based on favorable site geology to the aforementioned 

rules. 

Under the conditions stated in this demonstration, there is no potential 

for migration of liquid from the regulated unit to the uppermost aquifer 

during the active life of the regulated unit and the post-closure care 

period. The monitoring of water quality in the artesian aquifer cannot 

possibly detect leachate migration from the overlying disposal site. 

Accordingly, the Allen Park Clay Mine Landfill qualifies for the ground-

~-· water monitoring waiver set forth under the applicable regulations. 
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The waiver provision was developed specifically for facility 

site locations such. as the Allen Park Clay Mine based on the 

following d~scussion published in the Federal Register. 

Federol Register I v ol. 47, No. 143 I Monday, July 26. 1982 I Rules and Regulations 32293 

Fourth. the& owner or operator of a 
regula ted unit may be excluded from 
Subpart F if the Regional Administrator 
finds that there is no potential for 
hazardous constituents to migrate from 
the r·cgulated unit to the uppermost 
aquifer Juring the active life of the unit 
(including the closure period) and the 
post-closure care period specified under 
§ 2f>4.117. This exclusion is designed for 
units located in hydrogeologic settings 
that prevent leachate migration to 
ground water for very long periods. ln 
such a setting, hazardous waste 

·· leachate would simply not be able to 

·reach ground water during the active life 
of the unit and the post-closure care 

_ period. Where there is a high degree of 
confidence that such a hydrogeologic 
setting is present. EPA decided that it 
would be of little value to require the 
permittee to implement a. detection 
monitoring, program. (Such a program 
would simply not detect contamination · 
during the active Ufe of the regula ted 
unit plus the post-closure care period.) 

-l64-

Moreover, EPA believes it may be 
productive to exclude such locations 
from ground-water monitoring. Such 
locations are relatively desirable for 
waste disposal because soils which 
provide long delays in the arrival of 
leachate in ground water may also have 
characteristics that attenuate hazardous 
consli.tuents. Excluding ground-water 
monitoring r('quirements at such 
locations could encourage_the use of 
such environmentally desirable 
locations. 
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Ford Motor Company 

Allen Park Cla:y Mine Landi'ill 

E.P.A. I.D. No. MID 980568711 

Demonstration for Exemption of Subpart F Requirements 
Under 4o CFR 264.90 (b) (4) 

Attachment 15 

Demonstr~tion is hereby made to waive certain groundwater monitoring requirements 
as provided for under 4o CFR 264.90 (b) ( 4) of the RCRA. rules, based on the favor­
able site geology to the aforementioned rules. Specifically, the requested ex­
emption includes all sampling of the artesian aquifer immediately below the in­
situ saturated clay liner. 

Site Description 

Depositional Environment: 

The site hydrology is governed by the last glacial period in which the Huron­
Erie ice lobe occupied southeast Michigan as shown on Exhibit A. When the ice 
lobe retreated, a proglacialla.ke (Lake Maumee) formed, as shown on Exhibits B 
and c. The site vicinity is located at least 16 miles from the shores of this 
lake. The clay sediments deposited in the site vicinity reflect this low energy 
depositional environment. The lacustrine clay is. generally 80-120 feet in thick­
ness and has become an effective aquiclude since the recession of the lake. The 
recharge area for the underlying aquifer is the moraine and outwash complex to 
the northwest and the underlying Devonian carbonate formations. 

Artesian Aquifer: 

The confined aquifer is located approximately 70 feet below the existing grade 
at the Allen Park site and varies in thickness from one to six feet. It exerts 
an upward hydrostatic pressure on the clay aquiclude equivalent to 80 feet of head. 
This hydraulic gradient in the upward direction is a counteracting force against 
those of leachate migration (drag coupling effect and chemico-osmotic diffusion). 
Under these conditions, there is no potential for migration of liquid from the 
regulated uuit to the uppermost aquifer during the active life of the regulated 
unit and the pest-closure care period. Refer to Exhibit D for a full discussion 
on leachate migration at the facility. 

Subsurface Soil Conditions: 

The uniformity of the clay sediments in the Detroit area (Erie-St. Clair Plain) 
has been documented by the numerous soils exploration and foundation engineering 
studies required for all of the building and construction projects in the vicinity. 

To be site specific, the following documentation has been established: 

1) Clay mining operations excavating clay for the manufacture of cement, have 
encountered more than 45 feet of uniform material over the entire site. 

2) Seismic work on the cell bottom indicates that the bedrock is between 57 and 
70 feet below the cell bottom with uniform material to that depth. Refer 
to Exhibit E. 
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Soil samples taken from the five most recent borings indicate the clays 
are saturated to the surface from the artesian aquifer. Rel:'er to Exhibit 
F. 

4) Soil tests performed (grain size analysis, atterberg limits and permeability) 
on the clay provided more than adequate uniformity. Refer to Exhibit G. 

5) The 12 deep borings indicate uniform soil conditions. Ref~r to Exhibit H. 

6) The deep monitor wells into the artesian aquifer provide piezometric surface 
elevations that are consistent with the regional data which conclude that 
grounu surface is below the piezometric surface. Refer to ~~ibit H . 

• 
7) Additional studies, maps, and tests relating to subsurface conditions at the 

site indicate that subsurface clay is in excess of 25 feet Bhick with a 
permeability coefficient which is no greater than 6.0 x 10- ·em/sec. In 
addition, the underlying artesian·aquifer exerts hydrostatic pressure in an 
upward direction which precludes the possibility of leakage from the cell 
into the liner during the active life o:f' the disposal :facility. Refer to 
Exhibit H. 

8) Additional geological information is provided by W. H. Sherzer, "Geological 
Report on Wayne County", Publication 17, Geologic~. Series 9, 1913. 

S11l!mlary: 

Under the conditions stated in this demonstration, there is no potential for 
migration of liquid from the regulated unit to the uppermost aquifer during the 
active life of the regulated unit and the post-closure care period. The monitoring 
of water quality in the artesian aquifer cannot possibly detect leachate migration 
from the overlying disposal site. Accordingly, it is therefore believed that the 
Allen Park Clay Mine Landfill qualifies for the groundwater monitoring waiver set 
forth under the applicable regulations. 

Prepared by: 
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Mining Properties Department 
Rouge Steel Company 
(University of Michigan B.S. 1977) 
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EXHIBIT A 

EXHIBIT B 

F:XIUT11T C 
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(M'!'P from Frank Leverett) 

(M~p from Frank Leverett) 

(Map lrt~m Frank Lt-verctt) 
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The possibility of leachate migration downward from the 
Allen Park Clay Mine/Landfill and contamination of an aquifer 
beneath were evaluated. 

Analyses show that density differences between the leach­
ate and groundwater will not cause a downward migration nor 
will they lead to a diffusion efflux from the site. A thick, 
uniform layer of silty clay beneath the site coupled with an 
up;,-a:rd hydraulic gradient effectively precludes the latter. 

Comparison with results of salt water intrusion studies 
across clay aquitards having similar properties as the clay 
beneath the Allen Park site show that the solute (salt) will 
take at least 800 years to migrate across a clay barrier 30 feet 
thick under chemica-osmotic diffusion alone. A counter (or 
upward) hydraulic gradient will lengthen this breakthrough 
time even further. 

There are insufficient amounts of organic compounds in 
the waste to affect the permeability of the clay. The proba­
bility of accelerated leachate migration through the underly­ing clay is not supportea by the composition of the wastes 
and the nature of the clay nor by the findings of leachate 
permeability studies reported in the technical literature. 

Under these circumstances any observed increases in 
contaminant levels of monitor wells in the aquifer underlying 
the site could more reasonably come from sources laterally 
upgradient from the site rather than the clay mine/iandfill 
above the site. · ' 
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CONTAINMENT INTEGRITY OF ALLEN PARK CLAY MINE/LANDFILL 

I. INTRODUCTION 

The Ford Motor Company who operate the Allen Park Clay Mine/Landfill have recently petitioned to discontinue ground water monitoring of an aquifer located approximately 70 feet below existing grade at the site. The landfill is underlain by dense, lacustrine clay which behaves as an aquiclude or aquitard. At least 25 feet or more of residual clay 
thickness separates the bottom of the landfill from the underlying aquifer. The aquifer is under artesian pressure and exerts an upward hydrostatic pressure on the base of the clay aquitard equivalent to 80 feet of head. A general cross section or~profile illustating these soil and hydrologic conditions at the site is shown in Figure l. 

( 

Applicant maintains in his petition for discontinuance (EPA I.D. No. MIT 980568711) that monitoring is not necessary at the site because of a) the dense, uniform clay underlying the site which has a hydraulic permeability no greater than 6 x 10-scm/sec and b) the artesian pressure in the underlying aquifer which results in an upward hydraulic gradient across the overlying clay aquitard. Applicant claims that these • site-conditions will preclude the possibility of leachate migrating downwards out or the landfill and eventually conta­minating the aquifer. 

In response to this-petition, the Wayne County Department of Public Health has raised several questions and concerns (letter form R.N. Ratz, Public Health Engineer, to B. Trethewey, Mining Properties Department, Ford Motor Company, 28 April 1983). The following concerns were raised in the letter: 

l. The petition/report fails to address the possibility of leachate migrating down due to differences in 
densities of the leachate and groundwa~r. 

2. The petition/report does not indicate if there-a;e any organic constituents in the leachate that may 
increase the clay's permeability and permit downward movement. 

The purpose of the present report is to respond to the above stated concerns. Additional information about the geo­hydrology of the site, about past containment/migration studies, and about the likely nature of the leachate and its effect on clay permeability are evaluated herein to determine the danger of.landfill leachate migrating downwards from the site and \/ reaching the underlyi,ng aquifer. 
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Figure 1. Generalized cross-section through Allen Park Clay Mine/Landfill 
showing soil and hydrologic conditions. 
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II. THE INFLUENCE OF PER.'lEANT DENSITY ON LEACHATE MIGRATION 
ACROSS CLAY BARRIERS 

A. GENERAL 

· Permeant density plays a direct and indirect role in flow 
phenomena in porous media. Permeant density can affect solvent 
or solution floV~-~es via its influence on hydraulic conducti­
vity. Thi& influence can be calculated and shown to be minor or 
insignificant compared to the more likely and important influence 
of permeant density on solute diffusion. 

A newly introduced permeant with a high concentration of 
dissolved material (e.g., a leachate) will also have a. higher 
density. This high concentration in turn will cause the solute 
to diffuse through a porous medium to regions of lower concentra­
tion. It is this manifestation or aspect of a density increase 
in the permeant that requires careful scrutiny and analysis. In 
other words, the role and influence of permeant density are 
more important to solute diffusion under concentration gradients 
as opposed to solvent (or solution) convection under hydraulic 
gradients~ · 

The analyses that follow are offered in support of these 
claims. 

E. INFLUENCE OF PERMEANT DENSITY INCREASE ON HYDRAULIC PER."fEJ..BILITY 

Both the viscosity and unit weight of a permeant can influence 
the permeability of a soil to a particular permeant. The hydraulic 
conductivity is defined in this case as a flow velocity under 
a unit hydraulic gradient (the usual practice in civil engineering). 
The influence of permeant density and viscosity can be ascertained 
explicitly by defining another permeability, i.e., the "intrinsic• 
or •absolute" permeability · 

(l) 

where: k = hydraulic conductivity, em/sec ~ 
K = intrinsic or absolute permeability,.cm 
~ = permeant density or unit weight, dynes/cm3 

,? "' permeant viscosity, poise 

The intrinsic permeability(K) is a property only of the 
solids or matrix through which the permeant passes. Accordingly, 
for a particular soil (i.e., given grain size distribution and 
soil structure) and in the absence of permeant-soil reactions, 
K .should be a constant. The influence of a variation in visco­
sity and density of the permeant on the hydraulic conductivity 
can be determined from this fact and from a relationship derived 
from Equation 1, viz., 
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where: 

3 

subscript 1 - initial conditions (grnd water) 
subscript 2 - final conditions (leachate) 

(2) 

An increase in density of the permeant will apparently 
cause a higher permeability. But, this same increase in 
density can also·result in an increase in viscosity which 
will reduce the permeability. Both influences together will 
tend to offset one another, and it is unlikely that a density 
increase in the permeant (leachate) will significantly affect 
hydraulic conductivity. Furthermore, even if viscous 
retardation is discounted, density increases are highly 
unlikely to significantly increase permeability in actual 
practice as the following example will show. 

Assume the ground above an aquitard or clay barrier is 
flooded with a fairly concentrated brine solution, namely 
sea water. The density of sea water (with a TDS of 36,000 ppm) 
is 1.036 gm/cc at 4° C vs. the density of the present intersti­
tial water (with an average TDS of 1550 ppm) which is 1.002 
gm/cc. This leads-to a density ratio of 1.034 which is equiva­
lent to only a 3.4 per cent increase in hydraulic conductivity 
(discounting viscous retardation). Therefore, density has 
little effect on hydraulic conductivity despite the almost.20 
fold increase in dissolved solids concentration. It is the 
influence of the latter change, i.e., the increase in dissolved 
solids concentration, that requires careful analysis in evaluat­
ing the effectiveness of a clay barrier in containing leacha.te 
migration in this case. · 

C. INFLUENCE OF PER~ANT DENSITY INCREASE ON SOLUTE DIFFUSION 

1. Background 

Dissolved solids or solutes in a permeant can be trans­
ported through soils under both hydraulic a.nd concentration 
gradients. The former is referred to as "drag coupling" and 
the latter as •chemico-osmotic diffusion.• Both types of 
movement should be considered when evaluating the effective­
ness of a clay barrier for preventing leachate migration. 

Chemica-osmotic effects in fine grained soils have 
been examined in some detail by Olsen (1969) and Mitchell 
et al.(l973). The importance of chemico-osmotic diffusion 
Increases in fine grained soils wilth low hydraulic conducti­
vities. Studies commissioned by the State of California(l97l) 
on salt intrusion probla~s in aquifer-aquitard systems have 
shown that as aquitards become clay rich and theil permeabi­
lities fall to levels on the order of .002 gpd/ft or 10-T 
em/sec, the migration of solutes will be controlled by chemico­
osmotic diffusion. 
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2. Flow of Solute under Combined Hvdr. and Chern. Gradients 

Equations can be derived which describe the flows 
of solute and solution in the pores of a sediment. The 
derivation of these equations and assumptions on which 
they are based are given by Mitchell~ al.(l973). The 
one-dimensional, vertical, steady state flux of solute 
across a clay aquitard under a combined salt concentra­
tion(chemical) gradient and hydraulic gradient is given 
by the following relationship: 

.1s "' [(r.yTR)sk~h + Sk~o.l ~h/~z + [ n + Skc:.h] a~;az (3) 

where: ~ = salt flux across an aquitard, moles/sec/em~ 
a~z = hydraulic gradient (dimensionless) 

<les/az = solute concentration gradient, moles/em"' 
D = diffusion constant, crn4/sec 
R.= gas constant, ergs/mole/~ 
r.., = density Of water 1 dynes/CC 
T = absolute temperature, °K 

c~ =average salt.concentration, moles/cc 
kh = hydraulic conductivity, em/sec 
~h =·chemico-osmotic coupling coefficient, 

crn5/mol.e/sec 

Relative contributions to the salt or solute fl.ux 
can be cal.culated from Equation 3. Movement. of sol.ute 
can occur by diffusion whether a hydraulic gradient is 
present or not. A superposed hydraulic gradient may re­
tard or accel.erate movement of solute depending on: 

a) Rel.ative magnitude and direction of the hydraulic 
and solute concentration gradients. 

b) Values of the hydraul.ic conductivity and chemico­
osmotic coupling coefficient. 

Equation 3 only yields the steady state fl.ux of solute 
under combined hydraulic and chemical gradients. Equations 
can also be derived that give the initial.'or time dependent 
solute fluxes and the time required for •breakthrough" or 
first appearance of increased sol.ute concentration on the 
downStream side of the aquitard. This initial, non-steady 
state process is quite complicated. Examples have been 
worked out for aquitards of different thicknesses and compo­
sition by Mitchel.l ~ al.(l973). 

One of the most important findings of these studies 
on salt flux across cl.ay aquitards was the importance of 
aquitard thickness on breakthrough time. Because the ini­
tial movement is non-steady, the breakthrough time increases 
with the square of the thickness of the aquitard. Theore­
tical studies of salt water intrusion across aquitards 
(State of California, 1971) have shown that sal.t ions will. 
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take up to 800 years to migrate across an aquitard 30 feet 

thick under chemico-osrnotic diffusion alone. If the thick­

ness is reduced to 10 feet, the breakthrough time decreases 

to only 80 years. The presence of an hydraulic gradient 

could either accelerate or retard this time depending on 

the relative magnitude and direction of this gradient and 

other factors cited previously (see Figure 3). 

3. Likelihood of Solute Efflux Through Clay at Allen Park Site 

Solutes will tend to migrate or diffuse downward from 

the landfill along a concentration gradient. On the other 

hand, this movement can be impeded or even arrested by 

the upward hydraulic gradient as a result of artesian 

pressure ~n the underlying aquifer. Static water levels 

in monitor wells around the landfill show that the piezo­

metric surface is almost 10 feet above existing grade or 

ground surface elevation at the site (see Table 1). The' 

net, steady state flux of solute, if any, can be deter­

mined under these conditions from the. solute flow equation 

cited previously (Equation 3). 

It is also pertinent to examine the results of a 

similar type of study commissioned by the State of 
California (1971). The latter study was designed to 

determine salt efflux rates and breakthrough times in'an· 

· a qui tard-aquifer system in the coastal ground water 
basin near Oxnard, California (see Figure 2). The 
'problem posed in the California study vas basically the 

same as the pre-se~t one; namely, given a sudden 

increase in dissolved solids or solute concentration. 
atop a clay barrier (or aquitard) how long before the 

.salt migrated downward and reached an underlying aquifer 

and at what rates of efflux? The proolern was compounded 

in the California example as a result of drawdown of the 

piezometric surface in the underlying aquifer which also 

caused a downward hydraulic gradient. 

The two aquitards are qUite sirniiar rn their 
important respects. Both are approximately the same 

thickness, have the same initial dissolved solids concen­

tration, and are composed of clayey sediments with low 

hydraulic conductivities. The salient charateristics 

and parameters of these two aquitards are summarized 

and compared in Table 2. The main difference appears 

to be in their respective hydraulic conductivities--

the Allen Park clay is an order-of-magnitude lower. 

A dissolved solids concentration equal to that of 

sea water was. assumed in the leachate overlying the Allen 

Park clay. Sea water is a good •worst case• choice because 

sodium ions have high diffusion mobilities and are not 

preferentially adsorbed on clay exchange sites as heavy 
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TARLE l, ALLEN PARK CLAY MINE 

'IONITO!l WEll - HATER LEVEL READINGS 

~le11 Ground · Well E1evatlon(l) 
Number ElevatlonJh USGS 

2 595.1 600.76 

5 595.7 605.92 
' ' 7 594.1 597.35 

10 593.4 603.03 

~I W-101 593.9 601.4 7 
--l 
--l 

' ' W-10?. 591.3 600.81 

W-103 593.9 605.06 

~~-1 04 594.1 603.82 

' 
· W-105 594.5 604.08 

(l) Hell Elevation ls recorded as top of standpipe. 

(2) Oata Recorded by Michigan Testing Engineers, Inc. 

( 3) 0.1ta obtained from Michigan Depat·tment of Natural 

(4) \4e11 extended temporarily to obtain water level. 

Ground Water(2) · 
Elevation 
11-4-81 6. 

600.67 """ 
605.09 

q,4-

591.01 - 3.' 

601.81 9.4· 

60T.21 '7. 3 

603.22(4) 11. c\ 

603.52 q,t;, 

603. Bl 'l,l, 

603.86 q.~ 
- --·· .. 

c...,, "' s .q 

Resources. 

l 
• 
n • 

Ground Water(J) 
Elevation 

Ground Water(J) 
" • z 
~ 

Elevation ... .. 
5-29-Bl 3-26-81 ~ 

z 
" 

600.44 600.21 
.. • " • 

604.62 604.49 
A 
A 

• ~ 
593.23 594. H :; 

n 

601.93 601.56 

TABLE 1 
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TABLE 2. COMPARISON OF AQUITARD PROPERTIES AND SITE PARAYXTERS 

AQUITARD PROPERTY 
OR SITE PARAMETER 

Composition 

Thic;:lcness, ft 

Ave. Water Content, % 

Ave. Liquid Limit, % 

Ave. Hydrau1ic Conduct, em/sec 

Hydraulic Gradient 

Initia1 (interstitial) 
Pore Water Solute Cone, ppm 

Final Solute Cone, ppm 

Chernico-Osrnotic Coupling 
Coefficient, cm5/mole/s~c 
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OXNARD 
CALIFORNIA 

clayey si1t & 
silty clays 

30 

24 

31 
-7 

1 X 10 

0.33 - 1.0 
(do'W!lward) 

1800 

36,000 

-4 
6.2 X 10 

ALLEN PARK 
MICHIGAN 

si1ty clay 

25 - 35 

20 

28 
-e 

2.6 X 10 

2.7 
(upward) 

1550 

36;000 
(assumed) 

_ .... 
6.2 X 10 

\. 
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f~ ":'·'2 ACUIFEJ'! 

litw·c·:if AQUITARO 

Figure 2. Generalized cross-section of multiple aquifer in a 

coastal basin. Salt flux acrbss aquitard can occur as 

result of either salt water intrusion into aquifer (1,2) 

or salt water entering directly above aquitard in shallow 

coastal waters or marinas (3,4), or from salt contamina­

tion in near surface, perched aquifer (5). 

2.0,.------..:..,..------,--------, 
CD 

b 
"' -... .. 
..!! I. 5 

Clle ... ..... .. 
0 
E -.w 
l:i 
a: 
3: 0.5 

9 
1.1-

No Cl CONCENTRATION = 0.6 NORMAL 

IN THE OXNARD AQUIFER 

PUMPING FROM MUGU 
DRAWOOWN = ~0 FT. 

Figure 3. Solute efflux across aquitard into underlying aquifer as 

a result of salt water intrusion in overlying aquifer. 

Aqui tard i:S., 30 feet thick and bas a hydraulic conducti­

vity of 10- em/sec. Pumping from lower (Mugu) aquifer 

superposes a 0.33 downward gradient on system. 
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metal ions would tend to·be. The same che~ico-osmotic 
coupling coefficient used in the California aquitard vas 
also ass~~ed applicable for the Allen Park clay. The value 
used is reasonable for the type of clay sediments present. 

Results of the California study are presented in Fig­
ure 3 which shows the salt influx into the underlying aqui­
~er as a fUnction of time. CUrves are presented for a no 
dravdovn and 10-foot dravdovn case (assuming the hydraulic 
gradient acts in the same direction as the salt concentra­
tion gradient). The hOrizontal portion of the two curves 
represents the steady state salt flux. · 

The main things to notice from this figure are the 
large breakthrough time (800 years) for the •no dravdovn• 
case (i.e., in the absence of any hydraulic gradients) 
and the fact that in this aquitard the salt fl~ 
caused by drag coupling under a hydraulic gradient is 
larger. The steady state salt flux from the drag coupling 
under a combined 10-foot dravdovn and salt concentration 
gradient is almost three times that from diffusion alone 
(no drawdovn). Hence, in the event the hydraulic gradient 
was reversed, there would be no breakthrough and no down­
ward salt flux provided the upward gradient exceeded about 
0.2. In other words, under these conditions the two salt 
fluxes would be mutally opposed and exactly counterbalanced • 

• 
The relative contributions to steady state efflux in 

this example can be calculated with the aid of Equation 3. 
The following parameter values (taken from the study) were 
used in the calculat.ion: 

Clh /dz ::b6h /6L = 10/30 = 0.33 

~c ~z ..,_ <cs - cs )/c.L = 
&. I 

0.57 X 10 
914 

= 0.62 x 10 moles/cm4 

(~ + ~ )/ 2 = (0.60 - 0.03)x10 = 0.32 x 10 moles/en? 
2 

D = 10-5 c:mz./sec 
7 . • 

R = 8.32 x 10 ergs/mole/ K 

T = 300 °K 

r.., = 103 dynes/cc 
-'1 

kh = 10 em/sec 
-4-

k,h = 6.2 x 10 c:m5/mole/sec 

Using these values the calculated contributions to 
steady state solute flux are respectively: 
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Drag Coup linen J.s, = [ ( li'w/RT) '!, k._h + c!> k 11 ] e h/az 

= [10~(2xl0- 7 ) + 0.32xl0
3

(10
7)J 0.33 

[8.32xl0 17 (.3xlO"l) J 
-II Z. 

= 1.056 x 10 moles/sec/em 
-i L = 0.98 x 10 moles/sec/ft 

Chemico-Osmotic Diffusion: 

- II 1\. = 0.63 x 10 moles/sec/em 
-i ~ = 0.58 x 10 moles/sec/ft 

The total salt flux is the sum of the contributions 
from drag coupling and chernico-osmotic diffusion or 

J.s 
I 

-E> = (0.98 + 0.58) xlO 

= 1.56 x 10-B moles/sec/ftt. 

These cal,culations are in agreement with the results 
shown in Figure 3 for steady state salt inflow under com­
bined gradients. Th!'!Y also illustrate that the drag 
coupling contribution under a 10-foot dravdown (0.33 
hydraulic gradient) exceeds the chemico•osmotic diffusion 
contribution. 

In the case of the clay aquitard beneath the landfill 
at Allen Park, the average hydraulic ~nductiv+ty is almost 
an order-of-magnitude lower (2.6 x 10- vs. 10- em/sec). 
This will tend to decrease the drag couplin~. On the other 
hand, this tendency will be more than offset by higher 
hydraulic gradients at this site. If the level of the 
leachate is kept at or close to the bottom of the landfill, 
then the gradient will approach 80/30 or 2.7. The drag 
coupling component of solut~ flux in this case will be 

3 _, -3 -s · 
~ = [ 10 (2x10 ) t 0.32xl0 (2.6xl0 )] x 2.7 

1 
[ 8.32xl0° ( .3xl()l ) ] 

-IZ. -II = [ O.OOBxlO + 0.832xl0 J X 2.7 
-II 

moles/sec/cmt. = 2.25 X 10 

= 2.09 X H) e. moles/sec/ft 
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This flux is greater than 3X the chemico-osmotic flux1 ~ 

and since it acts in the ooposite direction, there will 
be no net downward flux o: solute at the Allen Park site. 
The critical hydraulic gradient to maintain a zero net salt 
efflux is 0.8. This means that the groundwater table could 
rise to within 12 feet of present ground elevation (-595 ft) 
in the landfill and there would still be a sufficient upward 

hydraulic gradient (drag coupling effect) to completely 
counter solute efflux under chemico-osmotieccdi:f.fusion (see 
summary below). 

Position of Ground 
Water Table in the 

Landfill 

At bottom 

12 feet from top 

At top 

Upward 
Hydraulic 
Gradient 

2.7 

0.8 

0.33 

Net, Steady State 
Solute Efflux Rate 
(mol~s/sec/ft,._) 

-s 
-1.51 X 10 

{net influx) 

zero 
-So 

+0.32 X 10 

These calculations are based on the existence of a static 
or piezometric head in the underlying aquifer approximately 
9-10 feet above ground elevation (see Table 1). 

Assumption of worst case conditio~~' namely, a rise 
in the groundwater table in the landfill to ground surface 
elevation, leads to a small, steady state efflux rate from 
chemico-osmotic diffusion. This occurs because the 
resulting hydraulic gradient ( 0.33) is no longer large 
enough to completely oppose the chemico~osmotic salt flux. 
The breakthrough times, however, would be so immense 
(1000's of years) that the steady state flux under these 
conditions is largely irrelevant. 

It is important to note that the preceding calculations 
are also based on the following •worst case• assumptions: 

• 

1~ A highly saline leachate with a concentration 
and composition equal to that of sea water. 

2. No interaction between the solute and clay. 

In actual practice, there would be some uptake and adsorp­
tion of solutes on the clay. This adsorption would 
attenuate or limit further solute concentrations in the 
leachate as it passed through the clay. 
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III. EFFECT OF LEACHATE CONSTITUENTS ON THE PERHEABILITY OF CLAY 

A. GENERAL BACKGROUND 

The possibility that leachate--either in the solvent or 
solute phase--might affect clay permeability and hence its 
containment integrity has been raised by a number of inv~stiga­
tors (Anderson and Brown, 1961! Haxo, 19611 and Folkes, 1962). 
One of these studies has shown that concentrated organic liquids 
can increase clay permeability by several orders-of-magnitude 
(Anderson and Brown, 1961). 

All of these studies were conducted in the laboratory 
with simulated leachates from particular types of wastes and 
under particular testing conditions. The danger of blindly 
applying these test results to a field situation have been 
noted recently by Gray and Stoll (1983}. It is essential to 
ask the following before the results of these lab tests can 
be applied to a given field situation: 

1. What was the nature of the leachate in the lab tests? 
What are the concentrations of various constituents 
in the leachate in the field as opposed to the lab 
tests? How relevant are the lab test results in the 
light of potentially large differences in leachate 
composition (lab vs. field)? ' 

2. How did the leachate contact or interact with the clay 
in the lab tests? Was it forced through? If so, at 
what gradient? . Is there any prospect that the leachate 
will be able to penetrate/permeate through the clay 
containment in the.field in like manner? In other words 
are the necessary gradients and other conditions present 
t? permit this to happen? 

3. What was the failure or clay dearadation process by 
which the a arent ermeabilit increase occured in 
the lab tests? Was ~t by a dissqlution, b) syneresis, 
c) piping? Could these mechanisms reasonably occur 
in the field given the type, water content, and density 
~f the in-situ clay plus the nature and concentration 
of organic and inorganic compounds in the leachate? 

B. WASTE AND LEACHATE COMPOSITION AT THE ALLEN PARK CLAY MINE 

The types, composition, and relative amounts of wastes 
placed in the Type II Solid Waste Landfill at Allen Park are 
shown in Tables 3 and 4. The results of typical E.P.T leachate 
tests on these wastes are shown in Table 5. The likely nature 
and composition of the landfill leachate can be estimated from this 
information. This estimate is adequate for purposes of evaluating. 
the probable effect of the leachate on clay permeability. 
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TABLE 3. ALLE~ PARK CLAY MINE - SOLID WASTE 
LANDFILL CONSTITUENTS ! 

Fly Ash 

13last Furr.ace !ll ter Cake 

Construction De'o:!'iS - Swee:pi."lgs - Clean-Up 

Foundry Se=:l 

eo&l and Coke 

Coke OVen Dec~"i:;e:!' Tar Sludge 

Glass 

Wood Ash 

~F Kish 

Wastewater Treatment Slud.ge 

Grinding Mu.d . -

I 
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50'f, 

15% 

14% 

6'f, 

(If, 

4.8% 
'!f, 

o,fll, 

0.5~ 

0.5~ 

o.'!f, 

0.2~ 

. 0.1~ 
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rr lode 

''""" Carilon 
llr~rnlc 
Berl un 
Cadmium 
Chronl "" I Load 1-' 

en Ke~ury VI 
I Srlenl..., 

Sliver 
K.lnganl.:!'t;t! 
21 oc 
Phosphorus 
Sui rur 
C.lcll!ln 
1\o~nrs ll!ln 
~l1111lnum 
Slllcoo 
Po hi! lot~~ 
Sod ILm 
f1 uor I f'IP 
Cy~nlri~ 
l•henol 
N•phth~l•ne 

"\ 
' 

TABLE 4, ALLEN PAR~ CLAY MINE WASTES, TYPICAL AS RECEIVED ANALYSES (mg/kgm), 

D.center· Tank tleclric Arc Dint rurn. r.!lr n ue P.lnt rurn. toundry 
!.·..0~9_._ I urn- [lw1t rl ur llu' t UuH I I ll.rr Cnkr Sand hOY f.lsh fly Ash ___ ... __ ------ -a" •~·-·- -·-··-·-- _ __ ..... -.. ··-- ---
llo Yr< ( Zll,rlt,Cd) Ho Nn Flo "" llo h•••r•l 

........... lSO,OOO 122,000 560,00~ 150,000 1,200 490,000 34.500 .......... •1. 700 520,000 1,100 • 4(1.1,000 6,600 240,000 194,000 

........... ~u 19 . . 42 . 2 ?0 70 .......... 

......... <I <1 ct lO <I .J ........... ........ 95 cl so 0 • I cl ............ 

......... ~00 cl iJO 10 •I 60 ......... 
<!JI ,500 cl J,OOO J~O 44 ·' ........... ......... 

......... •I <I cl •I cl .......... ( . .......... 120 90 •I cl J5 70 ......... 

........ r. •I •I 9 •I .. ......... ........ 39,000 7,500 10,000 4,500 79 2,000 ........... 
......... 1~0,000 120 2? ,000 400 40 194 ......... 
......... 450 200 )90 300 400 170 .......... 
........ J,fiOO 4. ()1)0 1,600 4,000 200 O~fJ 3,100 ........ 61,000 1e,ouo z.ooo 2o,oory 60 sno IJ' 100 ......... !I ,ooo 1, sen 9,600 IJ,OOO )00 J,eoo s,~oo 
........ 2,400 2,200 .z J,IOO •2 I ,600 . 14 7,200 
......... 15,000 20,000 0,000 RJ,OOO 4~0,000 25,000 201,700 ........ 5.900 9UO 5,000 2 ,iO~ 110 640 9,700 
........... ~, l'OO 410 2,JOO 1,500 J90 6l0 3,700 ......... ?6 10 ~3 4 •• 48 ........ 
14 'I <I •I J •I •I .......... 
!,BOO d cl <I J .. 2 .......... 
2,100 

"-'. 

i 

;> .. 
L ,,..., Du' t' Cl.~~:~rr~!._~ ----
llo ,~,, 

... ...... ~.noo 
.... ...... 5~0,000 
... ....... J!.i ......... •I 
... ......... •I .. ...... I .. ....... (;9 .. ........ ·I 

' .. ........ J 

... ........ 19 .. ..... 70 .. ....... 110 .. ....... 90 .. .......... I,JOO 
714,700 :·~\0 .......... ~00 ........ • 2 ......... <~.ooo 
......... (~0 ......... f~O ........ <I ......... 2 
............ J 



TABLE !1, 1\J,LEII PIII!K G[J\Y Mnn,; GOLID \II\OTE:J 
1."ll'If!l\f, E, l'.'r, T,IW:III\'1'1~ 'l'I~ST RESlJT.'l'll (~tdl) 

DlUO t ~'lii'IIUUC ~W lo'lue Dlnu t li'ttrnucc Foundry OOF 
Pnrnmctet· nuc nuot f) tot I•'Uter Cake Sand Kinh 

1\rocnic 0. 011 0.02 ( 0,1 0,0] 0.1 

llarium (0.6 I. 0,04 ( o.o {0,06 '- 0,6 

Cadmium 0.01 0.03 L.. o.oo [0,005 (0.005 

I Chromium l 0,1 L 0,05 I 0,05 ( 0,1 ( 0.1 
\-' 
Q) 
0\ 
I Lcud .{_ 0.2 1.'/ l.'( c:: 0,2 <(o.2 

Het·cury O,O'J(lf l 0.01 I. 0.2 (0.2 (0.2 

!;clcnJ.um l.O I. o.nt < n.:!. 0,10 
() ·'· 

Silver l. O.l /, 0.01 .( O,Ol ( O.l /, 0,1 

./ 

Wu:.; towu t.ct· 
Coke Tt'<.O lnot.ll t 

Dt·cc:r.c fi) Utl1:n 

iO.l ,Ou!l 

(0.6 )15 

(0,005 .005 

[0,1. .101 

~0.2 .u~~ 

/.0.2 • Oilll) 

/.0.5 .•>O:! 

I.O.l • t .... l, ' 

C!rnnpilo. I Ry ; ·. T· ·r, 
r;,t·ch I, 1" , 

'0 

• 

' 
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The data in Tables 3 and 4 indicate that 50 per cent of 
the solid waste consists of relatively inert fly ash and that 
some 89 per cent of the wastes consist of materials that do 
not contain significant amounts of heavy metals (Zn, Pb, Cd) 
or organics known or suspected to be toxic such phenol and 
naphthalene (see Table 4). The coke oven decanter tar sludge 
is a possible source of organics (phenol and napthalene), but 
this waste comprises only 0.~ per cent of the total stream in 
the Type II Solid Waste landfill. 

C. PROBABILITY OF ORGANICS IN LEACHATE AFFECTING CLAY 
PERMEABILITY AT ALLEN PARK SITE 

Anderson and Brown (1981) found that several organic 
liquids, viz., aniline, acetone, ethylene glycol, heptane, 
and xylene, cause large increases in.permeability of four com­
pacted clay soils. -Pure organic liquids were used in their 
study. One of the authors (Anderson, 1982) later emphasized 
that their results cannot be used to support claims that clay 
liners permeated by d~lute organic liquids may be susceptible 
to large permeability increases. 

Haxo (1981) reported results pf up to 52 months of liner 
exposure to selected industrial vastes. He included several 
organic wastes, namely, aromatic oil, Oil pond 104, and a 
pesticide. The results of large permeameter tests on a compacted 
fine-grained soil and admixed materials are summarized in ' 
Table 6. Although a small amouni of seepage passed through 
the compacted, fine-grained soil liner, no permeability increases_ 
vere reported with any of the organic •~stes. 

On the basis of these studies and with the caveats noted 
at the beginning of this section in mind, it is possible to 
evaluate the likely effect of the landfill leachate on clay 
permeability at the Allen Park site. 

l. Type II Solid Waste Landfill 

As noted previously the existing landfill contains 
small quantities of coke oven decanter tar sludge which 
is a possible source of organics (phenol and 
naphthalene), but this vaste comprises only 0.6 per 
cent of the total. Phenol and naphthalene are present 
in the tar component of this waste in concentrations 
estimated by Desha (1946) of 0.1 and 2.2 per cent by 
weight respectively. Accordingly, the amount of phenol 
and naphthalene present in the total waste stream are 
.006 and .013 per cent by weight respectively. These 
amounts constitute a very low fraction and they suggest 
that leachate from the total waste stream will tend to 
have very lov concentrations of phenol and napthalene. 

L Therefore, the organics in the leachate from the Type 
" li Solid Waste landfill are quite unlikely to affect ' 

clay permeability. 
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TABLE 6, EFFECTS OF INDUSTRIAL WASTES ON SOIL AND ADMIX LINERS 
(from ~axo, 1981) 

Liner 
material 

Compacted 
ftne-srolned aoll 
)0$mm thick 

Soli cement 
IOOmm thick 

Modlftcd bentonite 
and und (2 types) 
127 mm thick 

Jlydraullc uphalt 
concrete 
64mm thick 

Spray-on uphalt 
and fabric 
Bmm thick 

Addlcw11te 
(HN01, HP, HOAC) 

Not tested 

Not tested 

Nolleoted 

·Failed 

Not l01ted 

•From d111 ptclenled by lluo {1981 ). 
ts • .,. u (a). 
IS..,. 11 (b). 

Lead 
(low lead 111 

washing) 

Oily waste 
Alkaline wute 
(spent caustic) 

Me1sunble r11e of 1eepage 
v. - w-••-•o-' m/t, wasle 

penetrated J-3 em after JO montha (•) 

Aromatic oil 

l•I.8><Hr10 

l•2 .• >< l!r10 

l-2.6>< l!r10 

(tests on soil 
Iller JO months) 

Oil pond 104 

t 

No measurable aeepoge after JO montl11 

Meuuroble aeepage Iller JO months, channelllnJ orwule 
Into bentonite (b) 

Satisfactory 

Satisfactory 

Wute stains 
below liner 
asphalt mushy 

Waste stains 
below liner 

Nollesled 

No! tested .. 

Foiled 
(waste aeepoge 
through liner) 

Not tested 

' Not lCSled 

Pesticide 
(weed killer) 

t 

t 

Satisfactory 

Satisfactory 

) 
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2. Type I Hazardous Waste Landfill 

In the future the decanter tar sludge will be 
placed in a separate landfill that will be ~pgraded to 
accept hazardous wastes. This action will 1ncrease the 
relative proportion of organics (phenol and 
naphthalene) in the waste stream. Leachate tests run 
on PVre samples of decanter tar sludge using a 
dist111ed water extraction procedure (Calspan, 1977) 
have produced phenol concentrations of approximately 
500 ppm. Even this concentration is far removed from 
the very high concentrations of organic solvents used 
by Anderson and Brown (1981) in their permeability 
tests on different clays. Accordingly, organics in the 
leachate f~om the Type I Hazardous Waste landfill are 
also unlikely to affect clay permeabi~ity. 

In summary: It does not appear likely nor reasonable that 
organics present in the wastes at the Allen Park Clay Mine/Land­
fill will cause a permeability increase given their low· concen­
tration and the absence of any substantiation in the published 
technical literature for such an increase under these conditions. 

• 
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IV. CONCLCJSIONS 

(l). There appears to be very little likelihood of leachate 
migrating downward from the Allen Park Clay Mine/Landfill and 
contaminating the aquifer beneath the clay. 

(2). A density difference between the leachate and groundwater 
will have little or no influence on hydraulic permeability 
or downward migration nor will it lead to diffusion efflux of 
solutes. A thick, uniform bed of silty clay beneath the site 
coupled with an upward hydraulic gradient precludes the latter. 
Calculations and analyses are provided herein to support this 
finding. 

(3-). Comparison with results of salt water intrusion studies 
across clay aquitards having similar properties as the clay 
beneath the Allen Park Clay Mine site show that the solute (salt) will take at least BOO years to migrate across a clay barrier 
30 feet thick under chemico-osmotic gradients alone. A counter 
(or upward) hydraulic gradient will increase this breakthrough 
time even more. 

(4). The waste and.its leachate are unlikely to increase the 
permeability of the underlying clay. This claim is reasonable 
in view of the low concentrations of organics in the total, 
waste stream and in the light of the findings and caveats of 
permeability/exposure tests with organic permeants reported 
in the technical literature. This conclusion applies to both 
the existing Type II Solid Waste landfill and a proposed 
Type I Hazardous Was-te .J..andfill that will accept the coke oven 
decanter ta~ sludge. 

(5). The composition of the waste and underlying clay do not 
suggest properties or cornbination·of properties that could lead 
to a containment failure caused by such processes as piping, 
acid/base dissolution, or syneresis. 

(6). Under these circumstances any observed increase in con­
taminant levels of monitor wells in the aquifer underlying 
the site could just as well come from other sources laterally upgradient from the site rather than from the clay mine/land­
fill above the site. 

{7). These findings and conclusions support the basis of 
ap~licant•~ petition for discontinuing further monitoring of 
the wells penetrat~ng the aquifer beneath the site. 
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1704 Horton Street -, 

Mr. Mark Young 
Wayne Disposal.Company 

P.O. Box 5187 
Dearborn, MI 48128 

RE: Allen Park Clay Mi~e/Landfill 

Dear Mark: 

. Ann Arbor, Michigan 
48104 

t 
.. 25 September 1983 

( ,. 

I recently wrote a computer program (*CLAYWALL*) that can be 
used to calculate solute transport across a clay barrier under 
combined diffusion and advection (hydraulic flow). The pro­
gram computes the exit/source conce!ltration ratio (C/Co) as a 
function of elapsed time (t) on the downstream side of a clay 

wall or barrier of thicJcness (X). · ' 
. :;:~ -.. •. 

The program was written with a clay slurry cut-off wall in mind, 
but is general enough .that it can be used with any clay layer 
or barrier. The input parameters to the program are: 

%. ~ = efffective diffusion coefficient, ft /yr 
K = hydraulic permeability, ft/yr 
X = thickness of wall or barrier, :ft . 

P = porosity 
I =hydraulic gradient ••• (+) if same direction, 

(-) if opposite direction to solute concen-
tration gradient ·· ,. 

t = elapsed time, yrs .··~ . 
.l '--:- :: 

The program is based on the solution to the equation that des­
cribes one-dimensional solute transport in a saturated porous 
medium under both hydraulic and solute concentration gradients. 
This equation has the following form: 

:<·. 

C/Co = 0.5[erfc((X-vt)/sqr(4~)) + e.xp(vX/D) erfc((X+vt)/sqr(4~ll) 

where: v = ave seepage velocity = (KI/P) 

The solution assumes the following conditions: 

1. Saturated, one-dimensional flow. 

2. No reaction between solutes and porous medium. 
typically behaves this vay. 
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3. Diffusion controlled, i.e., the pore ~ater velocity is so low that mechanical ~ixing is negligible and the dis­persion is equal to the effective diffusion coeffficient. (this condition is sati'sfied when K( l.!3E-07. 

I ran the program using data for the silty clay layer underlying the Allen Park ClayHine/Landfill. The following values for the input data were used: 
' 

D 0.102 ft"/yr c 6. :n:-oc "=' ' ::: 
em /~eci-~-~-(published value for clay tills) 

K "' 0.025 ft/yr (2.5E-08 em/sec) 
X "' 30 ft 
p = 30% 
I = -O.l,-0.3, and -LO 

The results of the analysis are shown in the attached graph. At a counter hydraulic gradient of -0.3 the exit/source solute concentration ratio does not exceed 0.0001 until 7oo·years have elapsed •. You may recall that a counter hydraulic gradient 

' 
--. · ..... 

' ·' 

of -0.3 occurs when the leachate is allowed to rise.in the land­fill to the ground surfac;:e ... a worst case scenario. For larger 'f·,. (negative) counter hydraulic: gradients the ratios become even ::. · _: smaller. In fact for l < -0.5 (i.e., counter hydraulic gradients ·,• :.· laroer than 0.5) the ratio C/Co is less than l.OE-05 at all ; .. elapsed times. 

These results confirm the findings of my _earlier report which were based largely on analogy to solute transport studies in clay aquitards. The present findings are based on analysis of actual soil and site parameters. Keep in mind, also, that the analysis is still quite conservative because it neglects possible adsorption (reaction) of solutes with the clay. 
A copy of the computer program and typical output are enclosed. It is written in BASIC and is designed to be run on a personal computer. If you have any questions about the analysis, please feel free to contact me. 

Sincerely, . 

~~~;~ 
Professor of Civil Engineering 

Encl 
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c-= 

run 
.Porosity: 0.3 
Permeability(ft/y{)l .025 
Diffusion· Coef ( ft /yr) : 0.102 
Wall Thickness: 30 
Hydraulic Gradient: -0.3 
Time(yrs): 500 

·I ,,......_ 
• 

-------------------------------------------------~----let Argument(Yl )is: . 2.9756 
1st Error Function is: · 0.9999 
2nd Argument(Y2 )is: l. 2252.5 

·2nd Error Function is: 0.9173 
'Exit/Source Concentration Ratio (C/Co)is; 

( 

-------------------------------------------------r-----Continue Calculations (y/n) ? y 

Ti.me(yrs): 750 

------------------------------------------------------1st Argument(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

2.78685 
0.99979 
0.64312 
0.63658 

(C/Co)is: 

-------------------------------------------------------Continue Calculations (y/n) 7 y 

Time(yrs): 1000 

------------------------------------------------------1st Argument(Yl)is: 
1st Error Function is: 

. 2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

2.72291 
0.99973 
0 •. 24754 
0.27399 

(C/Co)is: 
-------------------------------------.-----------------
Continue Calculations (y/n) 7 y 

Time(yrs): 2000 

lst Argument(Yl)is: 
lst Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

2.80056 
0.9998 
-0.70014 
0 

(C/Co)is: 

-------------------------------------------------------
Continue Calculations (y/n) ? y 

• 
Time(yrs): 5000 
------------------------------------------------------lst Argument(Yl)is: 
lst Error F~~ction is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio. 

3.43176 
0.99998 
-2.10334 
0 . 

( C/Co)is: 

-------------------------------------------------------Continue Calculations (y/n) ? n 
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1704 Morton Street 
Ann Arbor, MI 48104 

16 February 1984 

Mr. David S. Miller 
Mining Properties Department 
Rouge Steel Company 
3001 Miller Road 
Dearborn, MI 48121 

RE: Allen Park Clay Mine/Landfill 

Dear Dave: 

I have reviewed the memorandum dated January 
Terry McNiel, Technical Services·section, to 
Compliance Section, Detroit District, MDNR. 
essentially raises the following objections 
and conclusions in my report, viz., 

23, 1984, from 
Larry Aubuchon, 
The memorandum 

to the findings 

Objection 1. There is no substantiation nor literature cita­
tions to show that organics present in the waste will £2! in­
crease permeability. 

Objection 2. The presence and possible effects of napthalene 
in the waste are disregarded. 

Objection 3. Uncertainties remain about the actual composition 
and likely nature of the leachate. 

Objection 4. The report does not address the question of com­
patibility between the following: 

a) Leachate and leachate collection system components 
b) Generated gases and clay cap. 

In the opinion of the MDNR reviewer Objections 1,2,and 3 
taken together mean that Specific Condition 5.A.4 (a) of Act 
64 license is not satisfied. The reviewer goes on to say, 
however, that they (MDNR) would accept compatibility testing 
between actual leachate being generated and the on-site clay 
being used for containment. I will respond herein to these 
stated objections and opinion. Objection 4 which pertains to 
Specific Condition 5.A.4 (b) and (c) is outside the scope and 
original charge of my investigation. 

Objection 1 is a version of the "guilty until proved innocent" 
syndrome. I understand and even sympathize with this approach 
in matters which deal with the release of potentially hazardous 
substances into the environment. There is, however, considerable 
substantiation in the published technical literature for the 
contention that organics present in low concentrations in aequous 
leachate will nQ! increase the permeability of dense clays. 
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David s. Miller 2 

Leachate permeability tests on sand-clay columns packed to bulk 
densities within the range of densities of natural clays (Cart­
wright et al., 1977) have shown that permeability actually 
decreased with passage of leachate (containing organics). These 
tests were continued for periods up to nine months. Decreases 
were even more pronounced for raw, unsterilized leacha~e. In 
addition to permeability reduction from the passage of leachate, 
Griffin and Shimp (1976) have shown that heavy metal ions (Pb, 
Zn, Cd, Hg) are strongly attenuated by clay. Organics that 
were present in the leachate were only moderately attenuated 
by the clay; they did not increase hydraulic conductivity. 
We have also conducted long term leachate permeability tests 
ourselves on a silty clay almost identical in composition to 
the clay underlying the Allen Park Clay Mine/Landfill site 
(Gray, 1982) and found the same results, i.e., no increase in 
permeability was observed. A chemical analysis of the leachates 
used in all these permeability tests is attached. Note the 
presence of napthalene in one of the leachates--a constituent 
whose presence and influence the MDNR reviewer claimed we had 
not considered. [Note: Cited references are listed in an 
attachment to this letter report.] 

It is important to emphasize again the fact that leachate per­
meability tests conducted by Anderson (1982) are totaly unrepre­
sentative of conditions at the Allen Park site. These tests 
are often cited as an example of the deleterious influence of 
organic solvents on clay liner permeability. Anderson's tests 
are unrepresentative and irrelevant for the following reasons: 

1. He used nure organic solvents. The leachate at the 
Allen Park Clay Mine/Landfill will be an aequous extract 
containing very low concentrations of organics. 

2. He for.ced the solvents throuah clavs at extremely 
high, positive aradients. Anderson used positive grad­
ients ranging from 60 to 300. At the Allen Park site 
there ~11 be negative (reverse) gradients ranging on 
the order of -0.3 (worst case) to -2.7. 

Other objections can also be cited in.regard to Anderson's test 
procedures and results. He used a rigid wall permeameter which 
permits channeling between sample and container. The recommended 
procedure to avoid this potential problem is to use a flexible, 
pressurized jacket. Large reported increases in permeability 
should be viewed with some skepticism when rigid wall permea-
meters have been employed. · 

Green et al. (1981) have investigated in great detail the char­
ateristics-Df organic solvents that affect their rate of movement 
(permeability) in compacted clay. They measured the equilibrilli~ 
permeability of three clays ( a clay shale, a fire clay, and 
kaolinite) to the following solvents: benzene, xylene, carbon 
tetrachloride, trichloroethylene, acetone, methanol, glycerol, 
and water. Their study showed that it is the hydrophilic or 
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hydrophobic nature of the solvent (as measured by the octanol/ 
water partitioning coefficient or roughly by the dielectric 
constant) and not the viscosity/density ratio that is important 
in predicting a solvents rate of flow through clays. According 
to their findings water, which has a high dielectric constant, 
always exhibited the highest permeability. In addition, they 
found that the packed clay density is crucial in determining 
how permeable a clay will be to a given solvent. At high bulk 
densities ( on the order of 115 pcf or 1.85 g/cc) the solvent 
characteristics became less important in differentiating per­
meability response. 

Green et al. (1981) also observed that solvents of low dielec­
tric constant (e.g. xylene and carbon tetrachloride) tended 
to cause shrinkage and cracking of some of the clays. This 
phenomenon 1 known as syneresis, can and eventually did cause 
an apparent permeability increase in some of the clays that 
were tested. The same phenomenon was reported by Anderson(l982) 
in some of his experiments. It must be emphasized again, 
however, that the effect has only been observed and reported 
when several pore volumes of pure, low-dielectric organic solvents 
are forced at very high gradients through clay columns. These 
conditions simply do not occur at the Allen Park Clay Mine/Land­
fill site. · 

On the contrary, the conditions at the Allen Park site are ideal 
for effective containment, viz., 

1. The site is underlain by a thick (X ~ 25 ft) section 
·of dense, competent silty clay ( ~ = 115 pcf) wjth 
a Very lOW hydraulic Conductivity ( k = 2 X 10- em/sec) 

2. A negative hydraulic gradient exists at the site as 
result of artesian conditions in the underlying aquifer. 
Even under worst case assumptions (viz., leachate levels 
rising to the top of the landfill) a negative gradient 
of -0.3 will still be present. 

3. The leachate consists of very low concentrations of 
organic and inorganic solutes in an aqueous solution 
as opposed to a pure solvent. 

Under these conditions advective transport or hydraulic seepage 
ceases to dominate pollutant movement across a clay barrier 
(see Gilbert and Cherry, 19831 Tallard, 1984). Instead, diffu­
sion under chemical concentration gradients becomes more impor­
ta-nt, and it is this transport mechanism that must be evaluated 
carefully. I have dealt with this problem both in my original 
report and in my subsequent letter report to Mr. Mark Young, 
Wayne Disposal, Inc., dated 25 September 1983. I showed that 
even under worst case assumptions of no partitioning or attenua­
tion of pollutants and minimum, negative hydraulic gradients 
breakthrought times would be on the order of thousands of years. 
Interestingly, if the calculations are repeated allowing the 
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hydraulic conductivity or permeability to double or even triple, 
the breakthrough time increase even more because now the counter 
advective flow is more effective in opposing the downward diffu­
sion of solutes along their concentration gradient. 

I come now to the MDNR comments about requiring compatibility 
testing (whatever that means) between actual leachate and the 

-~~-~lay liner material. Unfortunately, the procedure, rationale, 
' ~ ·eU::. for such tests are not specified. What is being required 

••• that the leachate be forced under high hydraulic gradients 
through a thin sample of the silty clay? The results or signi­
ficance of such a test would be ambiguous at best and meaning­
less at worst in this case. In my opinion, such tests would 
be an exercise in futility and irrelevance given the condition 
and circumstances at the Allen Park Clay Mine/Landfill site. 

Breakthrough times in diffusion controlled transport are 
extremely sensitive to thickness of the barrier. In order 
to replicate conditions in the field at Allen Park, compatibi­
lity or flow tests should be run on a sample column 25 feet high 
under a negative gradient no less than -0.3. After a wait time 
of thousands of years such a test would merely confirm what 
is already demonstrable. 

It is my professional opinion that in this instance the require­
ment for compatibility testing and concern over permeability 
is a. diversion from the real issue which is the "likelihood of 
diffusion transport of solute across the clay. I have shown 
that thi~ will not be a problem at the Allen Park Clay Mine/ 
Landfill site because of the thickness, competency, and density 
of the underlying clay together with the existence of a negative 
gradient. 

I find it baffling that MDNR can approve a thin, clay slurry 
wall for a toxic waste site (see Consent Judgment, U.S. District 
Court, U.S. Envl. Protection Agency and The State of Michigan, 
Plaintiffs, vs. Velsicol Chemical Corp., Defendant) based on 
meagre and inadequate evaluation whilst insisting on irrelevant 
tests for a thick, natural. clay containment system at Allen 
Park that is ideal in nearly every respect. 

Sincerely, 

~~.:~r:;r 
Professor of Civil Engineering 

Attachments 
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Table 2. Chemical Analysis of Landfill Leachates 

DuPage Count:y Wayne Disposal 
Analysis Landfill-mg/1 Landfili-mg/1 

Na 748 3400 
K 501 

Ca 47 46 
Mg 233 370 

Cu (0.1 0.55 
Zn 18.8 s.o 
Pb 4.46 0.91 
Cd 1.95 0.10 
Ni 0.3 0.40 
Hg 0.0008 0.010 
Cr <O.l ·0.31 
Fe 4.2 7. 77 
Mn <O .1 
Al <O.l 

/"---- NR4 862 1540 
\. As 0.11 0.0044 

' B 29.9 (0.005 
Si 14.9 

Cl 3484 5800 
S04 <O. 1 200 
N03 <O. l 

E.C03 6920 

COD 1340 2160 
TOC 2500 
TSS 512 

pH 6.9 7.6 
Spec. Cond. (mmhos/cm) 10.2 28.0 
Equiv. TDS 6528 17,920 
Organics: 

organic acids (phenol) 0.3 3.6 
toluene 0.45 
napthalene 0.44 
chlorobenzene 0.008 

I 
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L. : . ~. MILLEr< & Assoc( .::s 
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Rouge Steel Company 
Division of Mfn't"hg~Properties 
3001 Miller Road 
P . 0. Box 1699 
Dearbor, Mi 48121 

Attention : Mr. David Miller 

!) 

June 17, 1982 

E:<RIBIT E 

( 

2$DO PACXA~O RC., !SUIT£: #IC6 

ANN ARBOR, M ICHIGAN •DIC• 

Re : Allen Park Clay Mine Seismic Survey 

Dear Mr. Miller : · 

As per your request a seismic s"tudy was performed at the Allen 

Park Clay Mine area in Allen Park, Michigan. The purpose of this study 

was an attempt to determine the depth to bedrock in the area immediately 

below the excavated pit at the. disposal area. 

Keeping consistent with previous seismic work accompl ished in 

the area these stations wer e numbered 4, 5 and 6. Stations 4 and 5 were 

completed on the excavated pit floor. 4 being on the eastern half and 5 on 

the western side of the pit floor, with station 6 directly to the north of the 

pit up on approximately the existing surface elevation. some 30 to 4.0 feet 

above the pit floor. Plots of the data colh!cted are included and indicate 

both the velocities of the layers and the depths to the layer interfaces. 

Station 4 resulted in the best data collected at the site, and 

shows a three-layer case ; A low velocity (1428 ft/sec) layer is under lain 

by a very consistent layet· with a velocity of 5233 ft/sec, extending to a 

depth of 57 feet below t.he pit floor where it is underlain by a much higher 

velocity (12, 808 ft /sec) layer. These values are very typical of a dense 

clay layer underlain by a hard limestone type material. The rather good 

fit of the data to a line would indicate very consistent materials, however, 

the irregulariti'es near the 57 foot contact indicate that this interface is not 

ns shaa·p a transition. and hence it represents . more of a minimum depth to 

this interface. 

At Station 5 area surface topography . was rough and inconsistent 

which resulted in limited data being collected. In one ·area a very steep 

.~ dcprc~s ion was encountered on the surface which the shock wave source 

worked in. . This abrupt lowering of the elevation causes a decrease in the 

time it takes to the shock wave to travel through the subsurface. There­

fore, the best fit line was drawn through only those points where the shock 

wave source was at the approximate same elevation. Had the elevation been 

consistent, the travel times fot· those distances, which were lower, would have 

~en increased in the direction towards this line • 
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Station 5 showed approximately the .same subsudace conditions as 
did 4, with a depth to the bed~ock being indicated at 70 ~ecot below the pit 
floor. Station 6 was.run at a much higher elevation than that of the pit 
fl::or, and very soft wet surface conditions were found. These types of 
sudace conditions do not allow for seismic shock waves to propogate as 
the mwterial tends to absorb much of the energy and transmit this energy 
din:!ctly crct·oss the surface rather than down into the earth. This data 
indicates again a t·ather consistent layct· with a velocity typical of a dense 
clay. As a rule of thumb, seismic tests measure in depth roughly one-third 
the distance from the energy source to the geophone. Using this rule the 
limits of our data would be to a depth of approximately 45 feet for the clay 
layer and would obviously extend until the next layer is e'}countered. 

We hope that. this information" is useful to you. If any further 
inlo,-mation on subsul'face conditions is needed, it should be noted that 
thet·e .is enough room in the bottom of the excavated pit for an electrical 
l"csistivity test to be run. The problems caused by surface conditions 
could be avoided and with the large contrast in the subsurface materials 
this test would most likely work well. 

If we can be of any further assistance, please let us know. 

Very truly yours, 

·L, M. MILLER & ASSOCIATES 

~ ./ .',1·.! 
I l-~,_,,,..:_a~o;' ' :. (/ ~·f'!1·.._ 

Timothy· P. Wilson, Geologist 

TPW:hrh 
• 

Attachments as mentioned above. 
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MICHIGAN TESTING ENGINEt:RS, INC. 

June 25, 1982 

24355 CAPITOL AVENUE • DETROIT, MICHIGAN 48239 

PHONE: (313)255-4200 

SOILS EXPLORATIONS AND FOUNDATION ENGINEERING 

MATERIALS TESTING AND INSPECTION 

NON·OESTRUCTIVE TESTING and MATERIALS EVALUATION 

~lichigan Department of Natural Resources 

Resource Recovery Division 

P.O. Box 30028 
Lansing, Michigan 48909 

Attn: Mr. James Janiczek 

Subject: Allen Park Clay Mine 

Allen Pari-., ~lichi gJn 

Hrc File 1406-15046 

Gentlemen: 

EXKIBIT F 

As requested, we have revie1•ed the above referenced file to determine 

the degree of saturation of the subsoils on the site. 

The following basic soil relationships were used in this rcvi c1c: 

5 = 

e "' 

w = 

wGs 
e 

Gs 
r d -l 

Ww 
w; 

lihcrc: s = dep.rce of saturation (%) 

w =moisture content of soil (%) 

c = void ratio 

Ww = weight of Hater 

1'15 =,;eight of solids 

~d =dry unit ;.;eight of soil 

G5 =specific gravity of solids 

(assumed to be 2.65 to 2.68) 

Utiliz'itig these procedures, our calculations indicate tile gray silty 

cluys on the Allen !'ark Clay Mine to be 100% saturated. 
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~lr. James Jani czek 2 June 25, 1982 

If there are any questions, please do not hesitate to call. 

RD/ksb 

cc: D. Miller, Ford Motor Company 
1'1. Toa1yn, Wayne Disposal 

Very truly. yours, 

~:zJSlcb~t:l~ 
INC. 

Randall DeRuiter 
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• . - ' EXHIBIT G 

I 

( 

( 

"-·· 
( 

J.l(o'P .r. 11<'1 rt II 

f 11,1 I A'- AI A WILLIAM G MILLII'I FN Govcvnru 

( 

Ull Ill\> ; •'•' I I 

f'lo\ll " .'I! 1,: 'I I tr 

IIAH!Iv It \"/Iliff IV 

J()VJ l WQ\1{ 

DEPARTMENT OF NATURAL RESOURCES 
·HOWARD A lANNE.A. OuetiOI 

CHA~L E S G 'fO\.fNiil l'Wf 

Mr. Marshall Austin 
~lichigan Testing Engineers, Inc. 

24355 Capitol Avenue 
Detroit, Michigan 48239 

November 4, 1981 

RE: Permeability testing of clay soils 

Allen Park Clay Mine; Allen Park, Michigan 

Wayne County 

Dear Marshall: 

III(!>OtHH;:£ n1 COV(nT tnMII>ItSSION 

111• >I.! A~ .I Ut f SS.IPIC, Jl1 

AI llth1"" 1\IIIIION 

"'"'•' r ~·••m••·• 
f'AI..ILlA A 11111'.\;1 

e tmH!;1 l'rt..H• 

JI.I&UO W l AVI,I,Vj 

ct•r wn.o ""'' r s 
ST\IA"'l D PAONOS 

nn(',[Ft F\A.SI.IIJSSEN 

JAMES S10RNA"'l 

lsliiCHAEl.l WAlki'-IGTOW 

fl!i:S.OUhCt IIIIECOVE!IIiT DIVISION 

r 0 OOr l<lO?fil 

l.JI.N~I>K', Ml 41'1~'1 

ADYINISl rt& l IOWRESOUACE 

1l!.EC0VEJn SECltOM 

St11J13-0~0 

P'LA.NNINC SECTION/ 

fU.ZAROOUS WASTE SECTION 

$11/J7)..1816 

~I:OLOC'I' SECTION 

517f37).09Q1 

B~~ed on the review of the soil tests performed (grain size an~lysis, 

atterberg limits and permeability) on the clay at the Allen Park Clay 

~line Landfill, it is the feeling of this office that the materials are 

uniform enough that no further permeability testing will be required. 

This portion of our evaluation has been satisfied with the information 

submit ted • .,. 

If you have any questions, please feel free to call. 

Very truly yours, 

JJ:nm 

cc: Shakir/Bclobraidich 
•lark Young, Wayne Disposal 

,>IF Wayne County Health Department 
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